IMPACT ANALYSIS of Basic SOFA with SNCR ALTERNATIVEor LELAND OLDS UNIT 1

This document is being provided in response td\thith Dakota Department of Health’s request
issued in a December 1, 2006 letter to Basin EtePwwer Cooperative regarding the NDDH's
comments from their review of the final draft repofrthe BEPC LOS BART

DETERMINATION STUDY for LELAND OLDS STATION UNIT land 2 (August 2006).

This is intended to be in addition to the followisgctions:
2.4.2 Energy Impacts of NQControl Alternatives — LOS Unit 1;

2.4.3 Non Air Quality and Other Environmental Imfgof NG, Control Alternatives — LOS
Unit 1;

2.4.4  Visibility Impairment Impacts of Leland Ol&sation NQ Controls — Unit 1;

2.45 Summary of Impacts of LOS N@ontrols — Unit 1;

CORRECTIONS:

Included in this document are replacements todheviing sectionsf the August 2006 BEPC

BART Determination Study report:
2.4.1.2 Operating and Maintenance Cost Estimate®, Controls — LOS Unit 1;
2.4.1.3 Cost Effectiveness for N@ontrols — LOS Unit 1;

The following describes corrections to Section2210O&M costs, and Section 2.4.1.3 Cost
Effectiveness, for those LOS Unit 1 alternativest fhvolve a chemical reagent injected for NOx
control. These corrections are included in frdrthe updated impacts evaluation added for the
basic SOFA with SNCR NQControl alternative for LOS Unit 1.

Additional coal consumption for those alternatitiest involve a chemical reagent injected for
NOx control to compensate for the heat of vapoiomabf the reagent dilution water should be
included in the O&M costs; this follows EPA OAQP&wention. For the purposes of this
study, this additional coal consumption has beetluded in the annual O&M costs provided in
the August 2006 final draft of the BEPC LOS BARTpRH. For example, the cost of this extra
coal consumption was incorrectly calculated as®iOyear for LOS Unit 1's basic SOFA +
SNCR alternative for both the historic and PTE saseéhe August 2006 final draft of the BEPC
LOS BART Report, assuming $0.91/mmBtu. It showdgénbeen 53,645 mmBtu/yr x
$0.91/mmBtu = $48,600/yr annual O&M cost for LOSitUis basic SOFA + SNCR alternative.
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Similarly, included in this document are replacetada the following sectionsf the August
2006 BEPC BART Determination Study report:

2.5.1.2 Operating and Maintenance Cost EstimatreN®, Controls — LOS Unit 2;
2.5.1.3 Cost Effectiveness for N@ontrols — LOS Unit 2;

The following describes corrections to Section2B0O&M costs, and Section 2.5.1.3 Cost
Effectiveness, for those LOS Unit 2 alternativest thvolve a chemical reagent injected for NO

control. These corrections are also includedabtick of this updated impacts evaluation.

The cost of this extra coal consumption for thdser@atives that involve a chemical reagent
injected for NOx control to compensate for the hefataporization of the reagent dilution water
was incorrectly calculated as $20 per year for W@ 2's SNCR + ASOFA alternative and $40
per year for RRI+SNCR with ASOFA alternative fortbhohe historic and PTE cases in the
August 2006 final draft of the BEPC LOS BART Repagsuming $0.91/mmBtu. It should have
been 204,807 mmBtu/yr x $0.91/mmBtu = $185,400fymel O&M cost for LOS Unit 2’s

SNCR + ASOFA alternative, and 389,490 mmBtu/yr x0%0mmBtu = $352,700/yr annual O&M
cost for LOS Unit 2's RRI+SNCR with ASOFA alternadi
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(The following article is a replacement of the same section in the August 2006 BEPC BART
Determination Study report)

2412 OPERATING AND MAINTENANCE COST ESTIMATES FO R NOx
CONTROLS - LOS UNIT 1

The operation and maintenance costs to implemeri@® control technologies evaluated for
LOS Unit 1 were largely estimated from cost facestablished in the EPA’s Air Pollution
Control Cost Manual(OAQPS), and from engineering judgment applieth& control
technology. These cost estimates were considerkd study grade, which is + or — 30%

accuracy.

Fixed and variable operating and maintenance cosisidered and included in each Nédntrol
technology’s Levelized Total Annual Costs are eatas of:
» Auxiliary electrical power consumption for operafithe additional control equipment;
* Reagent consumption, and reagent unit cost for Shl@ERatives; and
* Reagent dilution water consumption and unit cosBldCR alternatives.
* Increases or savings in auxiliary electrical poe@msumption for changes in coal
preparation equipment and loading, primarily feelfreburn cases;
* General operating labor, plus maintenance labomaagrials devoted to the additional
emission control equipment and its impact on exishoiler equipment.
* Reductions in revenue expected to result from dbsmit availability, i.e. outages
attributable to the control option, which reducewel net electrical generation available

for sale (revenue).

Table 2.4-3 and Table 2.4-4 show the estimatedalroperating and maintenance costs and
levelized annual O&M cost values for the N€bntrol options evaluated for LOS Unit 1. The
cost methodology summarized in Section 1.3.5 pewitiore details for the levelized annual
O&M cost calculations and cost factors. The anparating and maintenance costs of the
control options in Table 2.4-3 is based on LOS Wriperation with the control options at 2,622
mmBtu/hr heat input and 8,760 hrs/yr operationesehO&M costs are relative to unit pre-
control baseline operation at 0.285 Ib/mmBtu fa fighest 24-month NOx emission summation
at 2,443 mmBtu/hr heat input for 8,510 hrs/yr operaof LOS Unit 1 with existing close-

coupled overfire air and low-NCburners.

! See Basin LOS BART Determination Study reporty\82ction Reference number 49.
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TABLE 2.4-3 — Estimated O&M Costs for NO x Control Options

(Relative to Historic Pre-Control Annual Emission B

aseline) —LOS Unit 1

Levelized
Annual Annual
O&M 0o&M
Cost? Cost?
NOy Control Alternative ($1,000) ($1,000)
SNCR (using urea) w/ boosted SOFA (Rotamjx) 2,518 04,0
SNCR (using urea) w/ basic SOFA 2,142 2,556
SNCR (using urea) w/ CCOFA 2,461 2,936
Coal Reburn (conventional, pulverized) w/ 3) 3)
boosted SOFA 3,072 3,663
Coal Reburn (conventional, pulverized) w/ bagic 24209 2.8879
SOFA
Boosted Separated Overfire Air (ROFA) 626 747
Separated Overfire Air (SOFA, basic) 21 25
Baseline, based on annual operation at histor|c 0 0

24-mo average pre-control emission rate

(1) — Annual O&M cost figures in 2005 dollars.

(2) — Levelized annual O&M cost = Annual O&M cost x 319 Annualized O&M cost factor.

(3) — Costs for increased PM collection capacity includexba reburn option are
$901,000 for annual O&M cost, and $1,074,000/yr leeeliannual O&M cost.
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The annual operating and maintenance costs ofaihiieat options in Table 2.4-4 are based on
LOS Unit 1 operation with the control option at226nmmBtu/hr heat input and 8,760 hrs/yr
operation. These O&M costs are relative to ungigtiae operation at 0.29 lb/mmBtu for the
highest 24-month N@emission summation at 2,622 mmBtu/hr heat inpu8fé60 hrs/yr

operation of LOS Unit 1 with existing close-couplegerfire air and low-NQ burners.
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TABLE 2.4-4 — Estimated O&M Costs for NO x Control Options

(Relative to Presumptive BART Annual Emission Basel ine
— Future PTE Case)
LOS Unit 1
Levelized
Annual Annual
O&M O&M
Cost? Cost?
NOy Control Alternative ($1,000) ($1,000)
SNCR (using urea) w/ boosted SOFA (Rotamjx) 2,518 04,0
SNCR (using urea) w/ basic SOFA 2,142 2,556
SNCR (using urea) w/ CCOFA 2,461 2,936
Coal Reburn (conventional, pulverized) w/ 3) 3)
boosted SOFA 3,072 3,663
Coal Reburn (conventional, pulverized) w/ bagic 24209 28879
SOFA
Boosted Separated Overfire Air (ROFA) 626 747
Separated Overfire Air (SOFA, basic) 21 25
Baseline, based on annual operation at futurg
s 0 0
PTE case pre-control emission rate

(1) — Annual O&M cost figures in 2005 dollars.

(2) — Levelized annual O&M cost = Annual O&M cost x4314 O&M cost factor.

(3) — Costs for increased PM collection capacity includembal reburn option are
$901,000 for annual O&M cost, and $1,074,000/yr leeeliannual O&M cost.

(The following article is a replacement of the same section in the August 2006 BEPC BART
Determination Study final draft report)

24.1.3 COST EFFECTIVENESS FOR NOx CONTROLS — LOS UNIT 1
In order to compare a particular N@®mission reduction alternative during the cost of

compliance impact analysis portion of the BART daii@ation process, the basic methodology
defined in the BART Guidelinegas followed [70 FR 39167-39168]. The sum of eated
annualized installed capital plus levelized anmyarating and maintenance costs, which is
referred to as “Levelized Total Annual Cost” (LTAGf)each alternative, was calculated. The
LTAC for all NOx control alternatives was calculated based ondh®seconomic conditions

and a 20 year project life (see Section 1.3.5 ést methodology details).

The Average Cost Effectiveness (also called Unitt@ Cost) was then determined as the
LTAC divided by annual tons of pollutant emissidhat would be avoided by implementation of
the respective alternative. There are two diffeN@y emission baselines; the first assumes the
highest historic 24-month average femission rate expressed in tons per year. Thandec

baseline derives tons per year from the maximunréuPTE case average N@mission rate.
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This approach results in two different average effsictiveness values for the control options
evaluated for LOS Unit 1. The annual N@&mission reduction is the difference between tiee p
control baseline and post-control emissions in fmersyear. Average control cost for a particular
technology is LTAC divided by annual tons of exgeceémission reduction A summary of the
annual emissions, reductions, control and levelaatlual costs for the two LOS Unit 1 baselines

are presented in Table 2.4-5 and 2.4-6.

TABLE 2.4-5 — Estimated Annual Emissions and LTACf  or NOx Control

Alternatives
(Historic Pre-Control Annual Emission Baseline) —LOS Unit 1
Levelized
Annual Annual NOy Total Average
NOy Emissions Annual Control
Alt. NOy Control Alternative Emission$? | Reduction® Cost®® Cost?
No® (Tonslyr) (Tonslyr) ($1,000) ($/ton)
G Coal Reburn with boosted SOFA 1,666 1,301 7039 5,404
(future PTE case)
= Coal Reburn with basic SOFA (future| 1,746 1,221 5063 48989
PTE case)
E SNCR with boosted SOFA (Rotamix) 1,782 1,185 3.819 3.923
(future PTE case)
D i’li\lsi;? with basic SOFA (future PTE 1.883 1,084 3,099 2858
C SNCR with Close-Coupled OFA 2.450 517 3.361 6.504
(future PTE case)
Boosted Separated Overfire Air
B (ROFA), (future PTE case) 2,483 484 1,137 2,347
Separated Overfire Air (SOFA, basic) 2,642 325 144 441
Baseline, based on annual operation jt
-- highest historic 24-mo average pre- 2,967 0 0
control emission rate

(1) — Alternative designation has been assigned from Highé&svest annual NQemissions.

(2) — NG, emissions and control level reductions relative to thedsighistoric 24-month average pre-control
annual baseline for LOS Unit 1.

(3) — Levelized Total Annual Cost = Annualized Installed Ghiiost + Levelized Annual O&M cost.
See footnote #2 for Tables 2.4-2 and 2.4-3 for annuatiastfactors.

(4) — Annualized cost figures in 2005 dollars.

(5) — LTAC for increased PM collection capacity includedaal reburn option are $1,372,000 for
annualized capital cost plus $1,074,000 for annualized O&M fwrsd total of $2,446,000/yr.
This results in an average control cost of $1,7624ttm boosted SOFA and $1,870/ton with
basic SOFA.
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TABLE 2.4-6 — Estimated Annual Emissions and LTAC f
Alternatives (Presumptive BART Annual Emission Base

or NOx Control
line —Future PTE

emission rate

Case)
LOS Unit 1
Levelized
Annual Annual NOyx Total Average
NOy Emissions Annual Control
Alt. Emissiond? | Reduction® Cost¥® Cost?¥
No.Y | NOy Control Alternative Tonslyr Tons/yr $1,000 $/ton
G Coal Reburn with boosted SOFA 1,693 1,638 7,089 4.29%
(future PTE case)
= Coal Reburn with basic SOFA (future 1774 1,557 5043 3.8449
PTE case)
E SNCR with boosted SOFA (Rotamix) 1811 1,519 3.819 2513
(future PTE case)
D fall\lsce:;? with basic SOFA (future PTE 1,013 1.417 3.099 2.187
Boosted Separated Overfire Air
C (ROFA), (future PTE case) 2,469 862 1,137 1,319
B SNCR with Close-Coupled OFA 2490 841 3.362 4,000
(future PTE case)
Separated Overfire Air (SOFA, basic)] ~ 2,641 689 144 208
Baseline, based on annual operation pt
future PTE scenario pre-control 3,330 0 0

(1) — Alternative designation has been assigned from highé&svest unit NQ emission rate.
(2) — NG emissions and control level reductions relative to thedytotential-to-emit pre-control annual

baseline for the future PTE scenario applied to LOS Unit 1.

(3) — Levelized Total Annual Cost = Annualized Installed Ghiost + Levelized Annual O&M cost.
See footnote #2 for Tables 2.4-2 and 2.4-4 for annualiastfactors.

(4) — Annualized cost figures in 2005 dollars.

(5) — LTAC for increased PM collection capacity includedoal reburn option are $1,372,000 for
annualized capital cost plus $1,074,000 for annualized O&M farst total of $2,446,000/yr.
This results in an average control cost of $1,4934iitin boosted SOFA and $1,571/ton with
basic SOFA.
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Figure 2.4-1 — NO x Control Cost Effectiveness — LOS Unit 1
(Historic Pre-Control Annual Emission Baseline) @

Leland Olds Station Unit 1
Annual NOx Emissions Removal vs LTAC
(Historic Pre-Control Annual Emission Baseline)
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(1) - All cost figures in 2005 dollars. Numbers astdd and qualifiers are noted in Table 2.4-5.

The comparison of the cost-effectiveness of theéroboptions evaluated for LOS Unit 1 relative
to two different NQ emission baselines was made and is shown in Fdudel and 2.4-2. The
estimated annual amount of N@moval (emission reduction) in tons per yeaddasted on the
ordinate (horizontal axis) and the estimated |leeglitotal annual cost in thousands of U.S.

dollars per year on the abscissa (vertical axis).
Figure 2.4-1 is for the control options evaluateldtive to the baseline historic pre-control annual
baseline, compared to the post-control maximum anN®yx emissions for operation of LOS

Unit 1 under the future PTE case.

Figure 2.4-2 plots estimated levelized total anmmasks versus estimated annual amount of NO

removal (emission reduction) for the control op@valuated relative to the maximum pre-
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control annual baseline and future potential-totgrost-control NQ emissions for operation of
LOS Unit * under the future PTE case.

Figure 2.4-2 — NO x Control Cost Effectiveness — LOS Unit 1
(PTE Pre-Control Annual Emission Baseline  —Future PTE Case)

Leland Olds Station Unit 1
Annual NOx Emissions Removal vs LTAC
(PTE Pre-Control Annual Emission Baseline)

8000
A= Dbasic separated overfire air G
7000 - B=SNCR w/close-coupled overfire air ¢
C = boosted separated overfire air (ROFA)
< D = SNCR w/ basic separated overfire air F
% 6000 - E = SNCR w/boosted separated overfire air (Rotamix) ¢
= F = Coal reburn w/basic separated overfire air
E S 5000 - G = Coal reburn w/ boosted separated overfire air
58
=&
i E
g :'_ 4000 presumptive NOx emission *
E o rate = zero additional tons/yr Be
— c i D
s g 3000 - removal vs PTE baseline *
o O
= [
3
S 2000 -
E c
()
- 1000 - ¢
A
0 T T T * T

0 200 400 600 800 1000 1200 1400 1600 1800

Annual NOx Removal,
tons/yr

(1) - All cost figures in 2005 dollars. Numbers astdd and qualifiers are noted in Table 2.4-6.

The purpose of Figures 2.4-1 and 2.4-2 is to shmarange of control and cost for the evaluated
NOy reduction alternatives and identify the least-@osttrols so that the Dominant Controls Curve
can be created. The Dominant Controls Curve ib#dst fit line through the points forming the
lower rightmost boundary of the data zone on aecptot of the LTAC versus the annual NO
removal tonnage for the various remaining BARTrali¢ives. Points distinctly to the left of and
above this curve are inferior control alternatipes the BART Guidelines and BART Guidelines

on a cost effectiveness basis. Following a “bottghgraphical comparison approach, each of the
NOy control technologies represented by a data poitiid left of and above the least cost envelope

should be excluded from further analysis on a etigtiency basis. Of the highest-performing
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versions of the technically feasible LOS Unit 1 Népntrol alternatives evaluated for cost-
effectiveness, the data point for SNCR with closapted OFA is seen to be more costly for fewer
tons of NG removed than for boosted separated overfire adHR). SNCR with CCOFA appears
to be an inferior control, and thus should notraguded on the least cost and Dominant Controls
Curve boundary. Note that cost-effectiveness gdimt conventional gas reburn and fuel-lean gas
reburn alternatives would be distinctly left andrsficantly above the least cost-control envelope,
so these options were not included in the coseifeness analysis. Figures 2.4-3 and 2.4-4 show
the revised least-cost control points without SN@th CCOFA.

Figure 2.4-3 — NO x Control Cost Effectiveness — LOS Unit 1
Apparent Least-Cost NOx Control Points
(Historic Pre-Control Annual Emission Baseline) @

Leland Olds Station Unit 1
Annual NOx Removal vs LTAC
Apparent Least-Cost NOx Control Points
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(1) - All cost figures in 2005 dollars. Numbers astdd and qualifiers are noted in Table 2.4-5.
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Figure 2.4-4 — NO x Control Cost Effectiveness — LOS Unit 1
Apparent Least-Cost NOx Control Points
(PTE Pre-Control Annual Emission Baseline  —Future PTE Case)

Leland Olds Station Unit 1
Annual NOx Removal vs LTAC
Apparent Least-Cost NOx Control Points
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(1) - All cost figures in 2005 dollars. Numbers astdd and qualifiers are noted in Table 2.4-6.
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The next step in the cost effectiveness analysithidnBART NG control alternatives is to

review the incremental cost effectiveness betweemaining least-cost alternatives. Figure 2.4-5
and Figure 2.4-6 contain a repetition of the leaaitotal annual cost and N©ontrol

information from Figure 2.4-3 and Figure 2.4-4 weNCR with CCOFA removed (Point C in
Figure 2.4-1, and Point B in Figure 2.4-2), andvehthe incremental cost effectiveness between
each successive set of least-costNOntrol alternatives. The incremental NC€bntrol tons per
year, divided by the incremental levelized annwust cyields an incremental average unit cost
($/ton). This represents the slope of a linerdiwh, from one least-cost point as compared with

another least-cost point.

TABLE 2.4-7 — Estimated Incremental Annual Emission s and LTAC for NO

Control Alternatives (Historic Pre-Control Annual E mission Baseline) —LOS Unit 1
Incremental
Levelized Levelized Incremental
Total Annual Total Annual Incremental
Annual Emission Annual Emission Control Cost
Alt. NOy Cost?® | Reduction® | Cost®® | Reduction®® | Effectiveness
No. Control Technique ($1,000) (Tonslyr) ($1,000) (Tonslyr) ($/ton)®©)

Coal Reburn with boostefl

G SOFA (future PTE case) 7,032 1,301 1,049 80 13,130
Coal Reburn with basic

F SOFA (future PTE case) 5,983 1,221 2,164 37 58,972
SNCR with boosted

E | SOFA (Rotamix) (future [ 5 g1 1,185 719 100 7173
PTE case)

p | SNCRwith basic SOFA | 3 594 1,084 1,962 600 2,271
(future PTE case)
Boosted Separated

B Overfire Air (ROFA),
(future PTE case) 1,137 484 993 159 6,249
Separated Overfire Air

A (SOFA, basic) 144 325 144 325 441
Baseline, based on annupl
operation at highest

-- historic 24-mo average 0 0
pre-control emission rate

(1) — Alternative designation has been assigned from Highésvest annual NQemissions.

(2) — Levelized Total Annual Cost = Annualized Installed @host + Levelized Annual O&M cost.
See footnote #3 for Tables 2.4-2 and 2.4-3 for annualiasidfactors.
Costs for increased PM collection efficiency are includezbad reburn options.

(3) — Annualized cost figures in 2005 dollars.

(4) — NG emissions and control level reductions relative to thetiispre-control annual baseline for LOS Unit 1.

(5) — Increment based upon comparison between consecutiveagiltes (points) from lowest to highest.

(6) — Incremental control cost effectiveness is incremental@ @&ided by incremental annual emission

reduction (tons per year).
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TABLE 2.4-8 — Estimated Incremental Annual Emission s and LTAC for NO

Control Alternatives (PTE Pre-Control Annual Emissi on Baseline
— Future PTE Case)
LOS Unit 1
Incremental
Levelized Levelized Incremental
Total Annual Total Annual Incremental
Annual Emission Annual Emission Control Cost
Alt. NOy Cost?® | Reduction® | Cost¥® | Reduction®® | Effectiveness
No.® Control Technique ($1,000) (Tonslyr) ($1,000) (Tonslyr) ($/ton)®©
Coal Reburn with boostedl
G SOFA (future PTE case) 7,032 1,638 1,049 81 12,921
Coal Reburn with basic
F SOFA (future PTE case) 5,983 1,557 2,164 37 58,035
SNCR with boosted
E | SOFA (Rotamix) (future | 5 g1 1,519 719 102 7,058
PTE case)
p [SNCRwithbasic SOFA | 4 594 1,417 1,462 556 3,532
(future PTE case)
Boosted Separated
C Overfire Air (ROFA),
(future PTE case) 1,137 862 993 172 5,763
Separated Overfire Air
A (SOFA, basic) 144 689 144 689 208
Baseline, based on annufl
operation at future PTE
-- case pre-control emissio 0 0
rate T

(1) — Alternative designation has been assigned from Higihésvest unit NQ emission rate.
(2) — Levelized Total Annual Cost = Annualized Installed @host + Levelized Annual O&M cost.
See footnote #3 for Tables 2.4-2 and 2.4-3 for annualiasidfactors.
Costs for increased PM collection capacity are included inrebarn options.
(3) — Annualized cost figures in 2005 dollars.
(4) — NG emissions and control level reductions relative to thedytotential-to-emit pre-control annual
baseline for the future PTE case applied to LOS Unit 1.
(5) — Increment based upon comparison between consecutiveagiltes (points) from lowest to highest.
(6) — Incremental control cost effectiveness is incremental@ @&ided by incremental annual emission
reduction (tons per year).
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Figure 2.4-5 — NO x Control Cost Effectiveness — LOS Unit 1

Apparent Least-Cost Controls Curve
(Historic Pre-Control Annual Emission Baseline)
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(1) - All cost figures in 2005 dollars. Numbers astdid and qualifiers are noted in Table 2.4-7.
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Figure 2.4-6 — NO x Control Cost Effectiveness — LOS Unit 1
Apparent Least-Cost Controls Curve
(PTE Pre-Control Annual Emission Baseline  —Future PTE Case)

Leland Olds Station Unit 1 Annual NOx Control
Apparent Least-Cost NOx Control Curve
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(1) - All cost figures in 2005 dollars. Numbers astdd and qualifiers are noted in Table 2.4-8.

In the comparison displayed in Figure 2.4-5 andifFé@.4-6, for the data shown in Table 2.4-7
and Table 2.4-8, the boosted SOFA (ROFA)N©Ontrol alternative (Point B in Figure 2.4-5,
Point C in Figure 2.4-6) had a significantly higleremental unit N@ control cost (slope,
$6,249/ton and $5,763/ton, respectively) compagadnst basic SOFA alternative (Point A)
versus SNCR with basic SOFA (Points D) comparednag®OFA. Also, Coal Reburn with
basic SOFA (Points F) was significantly more incesrtally expensive ($58,972/ton and
$58,035/ton) compared against SNCR with boosted/S@®ints E) versus Coal Reburn with
boosted SOFA (Points G) compared against Coal Rebith basic SOFA alternatives (Point F)
($13,130/ton and $12,921/ton). This indicates Baihts C and Points F are inferior controls and

do not occupy the Dominant Cost Control Curves.
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After removal of Points C and F, the modified leass$t controls curve is the Dominant Cost
Control Curve for N@ emissions alternatives for each of the LOS Umité-control baselines
evaluated.

Figure 2.4-7 — NO x Control Cost Effectiveness — LOS Unit 1
Dominant Cost Control Curve
(Historic Pre-Control Annual Emission Baseline) @

Leland Olds Station Unit 1 NOx Control
Dominant Cost Control Curve

(Highest Historic 24-month Average Baseline)
8000

Slope = Incremental $/ton
A= basic separated overfire air G
7000 - D = SNCR w/ basic separated overfire air

E = SNCR w/ boosted separated overfire air (Rotamix)
G = Coal reburn w/ boosted separated overfire air
6000 - (Points B, C, and F removed)

$27,560/ton

5000 H

) o $7,173/ton
presumptive NOx emission rate

4000 4 =-48 additional tons/yr removed
vs historic baseline

1000$/yr

Levelized Total Annual Cost for NOx Control,

3000 - $3,894/ton
2000 ~
$441/ton

1000

N

0 ——— ‘ ‘ ‘ ‘ ‘
0 200 400 600 800 1000 1200 1400
Annual NOx Removal,
tons/yr

(1) - All cost figures in 2005 dollars. Numbers astdd and qualifiers are noted in Table 2.4-9.
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Figure 2.4-8 — NO x Control Cost Effectiveness — LOS Unit 1

Dominant Cost Control Curve
(PTE Pre-Control Annual Emission Baseline

(€]
— Future PTE Case)

Leland Olds Station Unit 1 NOx Control
Dominant Cost Control Curve
(PTE Pre-Control Annual Emission Baseline - Future PTEC  ase)
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D = SNCR w/ basic separated overfire air $27,122/ton
E = SNCR w/ boosted separated overfire air
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£ 5000 -
35 presumptive NOx emission rate $7,058/ton
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(1) - All cost figures in 2005 dollars. Numbers astdd and qualifiers are noted in Table 2.4-10.
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TABLE 2.4-9 — Estimated Incremental Annual Emission
Dominant Cost Control Alternatives
(Historic Pre-Control Annual Emission Baseline)

s and LTAC for

—LOS Unit 1 NO x Control

Incremental
Levelized Levelized Incremental
Total Annual Total Annual Incremental
Annual Emission Annual Emission Control Cost
Alt. NOy Cost?® | Reduction® | Cost¥® | Reduction®® | Effectiveness
No. Control Technique ($1,000) (Tons/yr) ($1,000) (Tons/yr) ($/ton)®©®
Coal Reburn with boostedl
G SOFA (future PTE case) 7,032 1,301 3,213 117 27,560
SNCR with boosted
E | SOFA (Rotamix) (future 5 g4 1,185 719 100 7.173
PTE case)
p [ SNCRwith basic SOFA 3,099 1,084 2,956 759 3,894
(future PTE case)
Separated Overfire Air
A (SOFA, basic) 144 325 144 325 441
Baseline, based on annufl
operation at highest
-- historic 24-mo average 0 0
pre-control emission rate

(1) — Alternative designation has been assigned from high&svest annual NQemissions.
(2) — Levelized Total Annual Cost = Annualized Installed Gaiost + Levelized Annual O&M cost.
See footnote #3 for Tables 2.4-2 and 2.4-3 for annualiestfactors.
Costs for increased PM collection efficiency are includezbad reburn option.

(3) — Annualized cost figures in 2005 dollars.
(4) — NG emissions and control level reductions relative to thetispre-control annual baseline for LOS Unit 1.

(5) — Increment based upon comparison between consecutiveatiltes (points) from lowest to highest.
(6) — Incremental control cost effectiveness is incremental@ @&ided by incremental annual emission

reduction (tons per year).
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TABLE 2.4-10 — Estimated Incremental Annual Emissio

Dominant Cost Control Alternatives

(PTE Pre-Control Annual Emission Baseline

LOS Unit 1 NO x Control

ns and LTAC for

— Future PTE Case) —

Incremental
Levelized Levelized Incremental
Total Annual Total Annual Incremental
Annual Emission Annual Emission Control Cost
Alt. NOy Cost?® | Reduction® | Cost¥® | Reduction®® | Effectiveness
No.® Control Technique ($1,000) (Tonslyr) ($1,000) (Tonslyr) ($/ton)®©®
Coal Reburn with boostefl
G SOFA (future PTE case) 7,032 1,638 3,213 118 27,122
SNCR with boosted
= | S9FA (Rowmix) (future | 5 619 1,519 719 102 7,058
case)
p | SNCRwith basic SOFA | 3 594 1,417 2,956 728 4,060
(future PTE case)
Separated Overfire Air
A (SOFA, basic) 144 689 144 689 208
Baseline, based on annupl
operation at future PTE
-- case pre-control emissio 0 0
rate T
(1) — Alternative designation has been assigned from High&svest unit NQ emission rate.
(2) — Levelized Total Annual Cost = Annualized Installed @host + Levelized Annual O&M cost.
See footnote #3 for Tables 2.4-2 and 2.4-3 for annualiasidfactors.
Costs for increased PM collection capacity are included inrebaln option.
(3) — Annualized cost figures in 2005 dollars.
(4) — NG emissions and control level reductions relative to thedytotential-to-emit pre-control annual
baseline for the future PTE case applied to LOS Unit 1.
(5) — Increment based upon comparison between consecutivegites (points) from lowest to highest.
(6) — Incremental control cost effectiveness is incremental@ @&ided by incremental annual emission

reduction (tons per year).

The cost impact analysis for historic and PTE hasalonditions identifies those control

alternatives that are on the Dominant Controls Cast’e. Those alternatives are scrutinized for

cost-effectiveness on both relative and absolusesaln the comparison displayed in Figure 2.4-
7 and Figure 2.4-8, for the data shown in Table®ahd Table 2.5-10, the SNCR with basic

SOFA NQ control alternative (Points D) had a significartiigher incremental unit NQOcontrol
cost (slope, $3,894/ton and $4,060/ton, respegtivet historic and PTE baseline conditions)
compared against basic SOFA alternative (Pointek$uws baseline ($441/ton and $208/ton,

respectively). The incremental cost-effectiver&gbie least-cost SNCR alternative on the

Dominant Cost Control Curve is on the order of eighineteen times the magnitude of basic
SOFA. SNCR with boosted SOFA (Point E) had a $icgmtly higher incremental unit NO
control cost compared against the SNCR with ba@EASalternative (Point D) ($7,173/ton and
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$7,058/ton, vs $3,894/ton and $4,060/ton respdgjiveCoal Reburn with boosted SOFA (Points
G) was even more incrementally costly versus SN@R moosted SOFA (Points E) ($27,560/ton
and $27,122/ton, vs $($7,173/ton and $7,058/topecs/ely).

In the final BART Guidelines, the EPA neither pregps hard definitions for reasonable or
unreasonable Unit Control Costs nor for incremenbat effectiveness values. As can be seen
from a review of Table 2.4-5, the average levelizedtrol cost effectiveness of control
alternatives calculated for the future PTE casatinad to the highest 24-hour historic baseline
NOx emission ranges from $441/ton to $6,504/ton. &&M-6 shows average levelized control
cost effectiveness of control alternatives caladdbr the future PTE case relative to the
presumptive N@ emission level ranges from $208/ton to $4,293/tdhe latter has lower costs
per ton of NQ emission removal due to the higher number of tensoved for the maximum

emissions for pre-control baseline and additiooaliols under the future PTE case.

Various combinations of Nfocontrol technologies evaluated for control and-effectiveness

are considered to be technically feasible for LOf# W, but have much higher installation and
operating costs compared with basic SOFA alonas ddnfirms the analysis performed by the
EPA for establishing the presumptive limits for BARIOx emissions from pulverized coal-fired
EGUs: that the application of current combustiontaal technology, [primarily low-NOXx

burners and overfire air] is generally, but notaj®, more cost-effective than post-combustion
controls. Based on the cost impact analysis aagtémise that LOS Unit 1's historic and PTE
annual average baseline emissions already meptésamptive BART NQ level of 0.29
Ib/mmBtu, only the least-cost alternative of basgparated overfire air was considered for further

impact and visibility impairment evaluations for BQJnit 1 NQ, emissions control.

The other elements of the fourth step of a BARTIy@is after the cost impact analysis include
evaluating the following impacts:

+ Energy impacts.

+ Non-air quality environmental impacts.

+ Remaining useful life of the source.
For the purposes of this BART analysis, the renmginiseful life of the source was assumed to

exceed the 20-year project life utilized in thediized annual cost impact estimates. The other

impacts for the single LOS Unit 1 N@missions control alternative chosen to be evatliat
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further are discussed in Section 2.4.2 and Setid3. Visibility impairment impacts evaluated

for selected LOS Unit 1 NOemissions controls are summarized in Section 2.4.4
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(The following article is an addition to the August 2006 BEPC BART Determination Study report.)

[The same basic kinds of energy impacts foryN@issions controls described in the August 200BBE

LOS BART Report were evaluated for the SOFA withCFNalternative for LOS Unit 1.]

2421 ENERGY IMPACTS OF SOFA with SNCR NO x CONTROL
ALTERNATIVE — LOS UNIT 1

Another feasible NQ control alternative was reviewed for significantumusual energy penalties or

benefits associated with its use on LOS Unit 1.

Basic SOFA with SNCR operation on LOS Unit 1 maguiee slightly higher forced draft fan power
consumption resulting from higher fan dischargespuee, with combustion air damper actuators’
electrical power demand expected to be an insiganiti (+ 1 kW) change in net electrical power
consumption from LOS Unit 1. Higher windbox pregsand ductwork pressure drop impacts of the
SOFA system on the forced draft fans’ and induaadk dans’ auxiliary electrical power consumption

are expected to be negligible (less than 1% oatireual auxiliary power consumed by these fans).

The SNCR portion of this layered alternative inves\a chemical reagent injected for Néntrol,
assumed to be aqueous urea. The injection ofitediurea solution requires some additional
auxiliary power for heating and pumping the liguashd using compressed air for atomization and
cooling the reagent injection nozzles/lances. lieetquired for urea reagent storage, assumed to b
applied to outside concentrated aqueous urea stoaag(s). For the basic SOFA with SNCR
alternative, the source of heat is assumed to kidiaay electrical power. Together, the additidh o
SNCR to LOS Unit 1 is estimated to consume 35.8 Which was calculated following EPA

OAQPS convention Based on operation for the entire year withassumed 99% availability

factor, this would consume approximately 310,000-kiyr of additional auxiliary electrical power.

Additional coal consumption for those alternatittest involve a chemical reagent injected for NOx
control to compensate for the heat of vaporizatibtihe reagent dilution water; this follows EPA
OAQPS conventioh but is not accepted practice by an experiencedfSendor (Fuel Tech) who
claims that the heat produced from the exothergaction of urea and NQs approximately equal to
the heat required to evaporate the dilution waReagent dilution water for those SNCR alternatives
that involve a chemical reagent injected for NOrtool were assumed to be four times the amount of

delivered aqueous urea solution consumption (assumea is a 50% solution as delivered and is

2, See Basin LOS BART Determination Study reportN&2ction Reference number 49, page 1-34.
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injected as a 10% solution); this also follows EBAQPS conventioh This was estimated to be

approximately 6.2 million Btu per hour, or 53,64mBtu/yr.

Likewise, operation of a basic SOFA with SNCR altgive may cause a small increase in levels of
unburned carbon in the flyash emitted from the L@ 1 boiler compared with current operation.
This represents a slight amount of lost potentedtecal power generation from the incompletely
burned fuel, so this inefficiency could have a $magative impact (much less than 1%) on the plant
unit heat rate (higher Btu/kW-hr). This impact wet quantified, as the historical variation in kcoa

heat content that influences plant unit heat expected to have more significant impacts.

As discussed above, SNCR operation will causegatstiecrease (approximately 0.2%) on the LOS
Unit 1 plant unit heat rate (higher Btu/kW-hr),rperily to higher flue gas moisture with
corresponding sensible and latent heat losses witcid require a slightly higher gross heat infut t
evaporate the extra dilution water input. Thisoiges the slight increase in induced draft fan
horsepower and auxiliary electrical power consuarpto handle the extra coal combustion products,

urea and dilution water flows that will result imcreased flue gas mass flow during SNCR operation.

LOS Unit 1 boiler furnace exit gas temperature sumgerheater steam / reheater steam outlet
temperatures is not expected to change significaasl a slight increase during air-staged burner
operation with SOFA may be offset by a slight depien from the injection of the urea dilution
water. This impact on the boiler’s operation igitally small, and within the design capabilitids o
the boiler from a heat transfer and mechanicasstséandpoint. This impact on the LOS Unit 1
boiler's thermal conversion efficiency and stearoleympacts from small steam temperature

changes was not quantified, but is not expectdmktsignificant.

SOFA and SNCR are not expected to significantlyiced_OS Unit 1 reliability and availability to
generate electrical power. There may be some @sanghe degradation rate of the boiler’s furnace
waterwall tubes resulting from exposure of moreaarkthe furnace walls to slightly air-starved
conditions during SOFA operation. Such conditioas promote corrosion of the steel waterwall
tubes by sulfur compounds in the furnace gaseglmeated above the burners and below the SOFA
injection ports. Due to the moderate sulfur conterthe lignite and modest amount of air-staging
during firing of the existing low-NQburners expected during SOFA operation, this g@techange

in corrosion rate of the boiler tubes is expecteddd minor. This degradation is expected to occur

% See Basin LOS BART Determination Study reporty\&&ction Reference number 49, page 1-35.
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over many years of operation, and normally requiersodic replacement of the deteriorated sections

of boiler furnace waterwall tubes and superheatkeater tube banks to avoid forced outages to

repair tube leaks or failed sections. The poténkiange in the frequency of furnace wall tube and

superheater/reheater tube failures and changeodifficult to estimate, and has not been quartifie

SNCR with SOFA operation of LOS Unit 1 may alsosma slight increase in fireside deposit

accumulation, especially in the primary and pogssigicondary superheater and reheater tube banks.

This is expected to be minor, and removed duringpdie scheduled outages of LOS Unit 1.

Table 2.4-11 summarizes the gross demand and o$ageiliary electrical power estimated for the

two NOy control alternatives evaluated for impacts on U@k 1. This assumes annual operation
for 8,760 hours at a heat input rate of 2,622 mriBtat the future PTE case conditions.

TABLE 2.4-11 — Expected Auxiliary Electrical Power  Impacts
for NO x Controls —LOS Unit 1

NOyx Control Equipment
Estimated Annual Average Auxiliary Electrical Power
Demand and Usage (future PTE case)

NOx Aux. Power Generation Reduction from Generation Reduction from
Alt. | Control Demand® Aux. Power Demand® Reduced Unit Availability®
No. | Technigue (kW) (KW -hrs/yr) (KW -hrs/yr)
SNCR with
D basic SOEA 36.8 318,749 18,893
Separated
A OFA 1 8,760 0

(1) — The NQ control equipment gross auxiliary electrical power demaedtismated.

(2) — The annual change in N@quipment auxiliary electrical power demand electricity usag&irhiks/yr for
these alternatives is the net power demand multiplied by timea¢sd annual operating time and running
plant capacity factor which reflects the adjustment for angebeg reliability and capacity impacts from
the implementation of the control technique. A negatidecgon in generation is an increase in annual
new electrical power available for sale.

(3) — The estimated total hours per year of unit unavaitkglhilultiplied by average gross generation multiplied
by annual running plant capacity factor for the particulatrod alternative. For this analysis, SOFA was
not expected to reduce annual hours of possible operation.
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(The following article is an addition to the August 2006 BEPC BART Determination Study report)

[The same basic kinds of non-air environmental dotp for NQ emissions controls described in the
August 2006 BEPC LOS BART Report were evaluatedierSOFA with SNCR alternative for LOS
Unit 1.]

2.4.3.2 NON AIR QUALITY AND OTHER ENVIRONMENTAL IMPACTS OF
SOFA with SNCR — LOS UNIT 1

Operation of an SNCR-related system will normalgate a small amount of unreacted urea or
ammonia to be emitted. The amount of ammoniapsiypluced by SNCR depends on the amount of
reagent utilization and location of the injectiasipgs. Higher SNCR N©@reduction performance
involves greater amounts of reagent usage and ammbyn This potential air emission increase
does not qualify as a non-air environmental imgaeiuated for the BART impact analysis, and

therefore has not been quantified.

Ammonia slip is typically controlled to less tha®d gpmvd, especially since the possible formation of
sulfates such as ammonium sulfate [(¥80O,] and ammonium bisulfate [NfHHSCOy] will be more
problematic at higher slip levels. Sulfur trioxi¢®0O;) formed during combustion in the boiler can
combine with ammonia during passage through thedls ductwork to form the sulfates. Boiler
combustion air heaters, whether tubular or rotagenerative types, can become fouled with such
sulfate compounds. An extension of scheduledautdges or forced outages (unlikely) could occur
as a result of these sulfate deposit accumulatiadghe time spent to remove them. This could
reduce unit operating time (annual availability)t fior LOS Unit 1 is expected to be very small,

estimated to be 1% of the annual operating timsiptes

Some of the unreacted ammonia from SNCR operatitht&collected with the flyash in the
electrostatic precipitator. This is not expecegose any significant hazards in the subsequent
disposal of the flyash in the nearby permitted fdinclirrently used by BEPC for this coal

combustion byproduct material.

Storage of urea or ammonia reagent on-site crédaggsotential for accidents, leaks, and subsequent
releases to air, ground, and surface water immgiatirrounding the facility. Regulation of stoeag
and containment of such reagents as hazardousasabstwill be under the requirements of various

federal Acts, which are not part of this BART impanalysis.
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The amount of unburned carbon in the flyash produssethe boiler, collected for disposal or
potentially emitted to the atmosphere may incrégssmall increments due to operation of LOS Unit
1 using separated overfire air for N®missions control. The potential changes in tivaual

amounts of flyash disposal rates are expected tndomsequential, and have not been quantified.
This potential air emission increase does not fuad a non-air environmental impact evaluated for

the BART impact analysis, and therefore has noh lgemntified.

The operation of a system using a basic form oisdpd overfire air for NQemissions control may
increase carbon monoxide concentrations in thé $kae gas emitted from the LOS Unit 1 boiler.
This potential air emission increase does not a8 a non-air environmental impact evaluated for
the BART impact analysis, and therefore has noh lopmntified.

The operation of a conventional SNCR system isempected to significantly impact emissions of

CO or volatile organic compounds (VOCs). The cloainiorm of the reagent will affect the amount
of carbon dioxide emitted, since urea contains Gixkvis readily converted to G@n the boiler-
furnace and convection sections by combining withilable free oxygen. One mole of carbon
dioxide (CQ) will be created and emitted for every mole ofauigected for reaction with NQ This

is a relatively small increase in the total amoaf€O, produced as part of the combustion of carbon-
based fossil fuel in the form of lignite. This potial air emission increase does not qualify asra

air environmental impact evaluated for the BART &upanalysis, and therefore has not been

guantified.

Any remaining ammonia slip that is not collecteccondensed in the air pollution control system will
be emitted from the stack as an aerosol or conénparticulate. This has the potential to inceeas
atmospheric visibility impairment downwind of thecflity compared with a pristine condition.
Although the predicted amount of such potentialastgrom ammonia slip emissions has not been
determined, it is expected to be small in comparisiah the significant anticipated reduction in-far
field ozone and improvement in atmospheric vidipidis a result of the overall N@mission
reductions from the use of SNCR-related alternativEhis potential air emission increase does not
qualify as a non-air environmental impact evaludtedhe BART impact analysis, and therefore has

not been quantified.

There were no other adverse or significant chaimgasn-air quality environmental impacts
identified for LOS Unit 1 as a result of using segtad overfire air with SNCR for NCemissions
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control. Predicted visibility impairment improveneémpacts from the reduction in nitrogen oxides
emissions predicted to result from operation of L@ 1 with SOFA and SNCR are discussed in

the next section.

(The following article is a replacement of the same section in the August 2006 BEPC BART

Determination Study report)

24.4 VISIBILITY IMPAIRMENT IMPACTS OF LELAND OLDS STATION NOx
CONTROLS -UNIT 1

The fifth step in a BART analysis is to conductsihility improvement determination for the source.

For this BART analysis, there were two baselineN@ission rates modeled for LOS Unit 1 — one
for the historic pre-control NQemission rate listed in the NDDH BART prototand one applying
the presumptive BART NQemission rate. The historic pre-control emissiaseline was the 24-
hour average actual N@mission rate from the highest emitting day ofythars 2000-2002
(meteorological period modeled per the NDDH BAR®tpcof). The historic (protocol) NQ
baseline condition emission rate was modeled sanatiusly with the highest 24-hour average SO

emission rate, and the highest 24-hour average Riglséon rate of the 2000-2002 time period.

The historic (protocol) baseline hourly N@mission rate used for modeling visibility impadtge to
LOS Unit 1 under the conditions stated above wasIB/hr. Visibility impact modeling was
performed using the CALPUFF model with the diffaretetween the impacts from historic pre-
control baseline and post-control average hourly M@ission rates representing the visibility
impairment impact reduction. One CALPUFF model was performed with the LOS Unit 1's basic
SOFA NQ emission rate and another run was subsequentbucted with LOS Unit 1's SOFA
with SNCR NG emission rate, constant PM emissions, and BAR®&llevSQ control assuming the
Potential-To-Emit (PTE) boiler design rating forabhéput (2,622 mmBtu/hr). The unit NO
emission rate of 0.168 Ib/mmBtu multiplied by trelér PTE heat input rating of 2,622 mmBtu/hr
yields 441 Ib/hr for LOS Unit 1 under the futureBPGase. This compares to the visibility model
using an average post-control hourly future PTE W& 1 NO, emission rate of 0.23 Ib/mmBtu

with the PTE boiler heat input rating to yield @6&r for operation with basic SOFA.
In keeping with the NDDH BART visibility impairmemtnpact modeling protocol, the BART NO

post-control future PTE presumptive emission ra&9(Ib/hr), basic SOFA, and SOFA with SNCR
alternatives all have a different boiler heat inpasis than the LOS Unit 1 historic highest 24-hour
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pre-control NQ emission baseline (813 Ib/hr). The post-contoiditions for LOS Unit 1 all
assume operation at the boiler PTE heat input dypating (future PTE case) of 2,622 mmBtu/hr.

The results of the historic LOS Unit 1 pre-contrakeline, presumptive BART NQPTE baseline,
and future post-control PTE N@mission rates for basic SOFA alternatives witth @without SNCR-
enhancement, modeled with the PTE 90% sulfur eomssontrol rate for LOS Unit 1, are shown in
Table 2.4-12. The results of the visibility impagnt modeling at the pre-control (protocol) baselin
emission rate for LOS Unit 1 showed that Lostwoadidhal Wildlife Refuge exceeded 0.5 deciView
for the highest predicted visibility impairment iaqi (90" percentile, averaged for 2000-2002).
Average predicted visibility impairment impacts tEsed significantly for the presumptive BART
NOyx PTE baseline emission rate, and improved slighitly post-control SOFA with and without
SNCR-enhanced PTE N@mission rates, modeled with the 90% PTE sulfussion control rates
for LOS Unit 1. The comparison of the incremeiatatrage visibility impairment impacts that are
predicted for the three PTE sulfur emission contatgs for LOS Unit 1 is shown elsewhere in
Section 3.4.4.

TABLE 2.4-12 — Average Visibility Impairment Impact s
from NO x Controls — LOS Unit 1

Visibility Impairment Impacts @
Historic Pre-
Control PTE Emissions with| PTE Emissions with
Federal (Protocol) Presumptive BART | basic SOFANQ, | basic SOFA+SNCR
Class 1 Baseliné? NOy PTE Baseliné” Control® NOy Control®
Area (dV) (@v) (dv) (dv)
TRNP- 0.423 0.107 0.099 0.091
South Unit
TRNP- 0.450 0.118 0.111 0.102
North Unit
TRNP-
Elkhorn 0.287 0.080 0.073 0.066
Ranch
Lostwood 0.639 0.171 0.153 0.132
NWR

(1) - Average predicted visibility impairment impact§'{®ercentile) relative to background for years 2000-
2002. Pre-control baseline impacts are from highestriis2d-hour NQ, SG;,, and PM emission rates
(NDDH BART protocol). Presumptive BART NGemission limit, basic SOFA NQCand basic SOFA +
SNCR NQ emission rate impacts are from PTE heat input conditidnrsummary of the initial modeling
scenarios was provided in the August 2006 BART Deternain&tudy final draft report Table 1.4-1 and
the modeling results were presented in Appendix D; eédfissions reduced by 90% over pre-control
baseline for the future PTE case.

(2) - Average of year 2000-2002 (annual) predicted Visitinpairments modeled at historic pre-control NO
emission baseline of 813 Ib/hr.
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(3) - Average of year 2000-2002 (annual) predicted Vitgildmpairments modeled at presumptive BART
post-control PTE N@Qmass emission hourly rate of 760.4 Ib/hr (0.29 Ib/mumB2,622 mmBtu/hr).

(4) - Average of year 2000-2002 (annual) predicted Vigibmpairments modeled at basic SOFA control
alternative’s post-control PTE NOnass emission hourly rate of 603.1 Ib/hr (0.23 Ib/mumB2,622
mmBtu/hr).

(5) - Average of year 2000-2002 (annual) predicted Visilinpairments modeled at basic SOFA with SNCR
control alternative’s post-control PTE N@ass emission hourly rate 441 Ib/hr (0.168 Ib/mmB&,622
mmBtu/hr).

The results of the visibility impairment modelingthe presumptive BART NOPTE emission rate
(760 Ib/hr) with the PTE 90% sulfur emission cohtade for LOS Unit 1 again showed that
Lostwood National Wildlife Refuge had the highestgicted improvement in visibility impairment
compared to the pre-control (protocol) baselinelev Average predicted visibility impairment
reduction also increased with basic SOFA with aittiout SNCR-enhanced post-control NBTE
emission rates from LOS Unit 1 for Lostwood NWRgeagximately 0.5 deciView reduction). This is
shown in Table 2.4-13.

TABLE 2.4-13 — Average Visibility Impairment Impact ~ Reductions
from NO x Controls — LOS Unit 1
(Post-Control PTE Emissions vs Historic Baseline)

Visibility Impairment Reductions ™
PTE Emissions, PTE Emissions with
Federal Presumptive BART basic SOFA basic SOFA+SNCR
Class1 | NOy PTE Baseliné? NOy Control® NOy Control®
Area (dV) (dV) (dV)
TRNP-
South 0.316 0.323 0.332
Unit
TRNP-
North 0.332 0.339 0.348
Unit
TRNP-
Elkhorn 0.207 0.214 0.220
Ranch
Lostwood 0.467 0.486 0.507
NWR

(1) - Average predicted visibility impairment impact redwms (90" percentile) relative to historic
pre-control emission rates (NDDH BART protocol) for ye2080-2002. Presumptive BART
NOy and SOFA NQ impacts are from PTE heat input emission rates, eéd@ssions reduced
by 90% over pre-control baseline for the future PTE ceseagio.

(2) - Difference of average of year 2000-2002 (annualjipted visibility impairments modeled at
historic pre-control NQ emission baseline of 813 Ib/hr minus average of year 200@-(annual)
predicted visibility impairments modeled at presumptive BA#®st-control PTE NQmass
emission hourly rate of 760.4 Ib/hr (0.29 Ib/mmBt2,822 mmBtu/hr).

(3) - Difference of average of year 2000-2002 (annualjipted visibility impairments modeled at
historic pre-control NQ emission baseline of 813 Ib/hr minus average of year 200@-(annual)
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(4) -

predicted visibility impairments modeled at basic SOFA mbrtiternative’s post-control PTE NO
mass emission hourly rate of 603.1 Ib/hr (0.23 Ib/mmBR,622 mmBtu/hr).

Difference of average of year 2000-2002 (annuaf)ipted visibility impairments modeled at
historic pre-control NQ emission baseline of 813 Ib/hr minus average of year 200@-(annual)
predicted visibility impairments modeled at basic SOFA 8MNCR control alternative’s post-
control PTE NQ mass emission hourly rate 441 Ib/hr (0.168 Ib/mmB&,622 mmBtu/hr).

This analysis includes calculation of the averameamental reduction of the predicted visibility

impairment impact for basic SOR&ith and without SNCR-enhancetlernatives’ PTE emission

levels evaluated for the future PTE case operatfdrOS Unit 1 compared to presumptive BART

NOy control effectiveness. The results are shownabld 2.4-14.

TABLE 2.4-14 —Visibility Impairment Reduction from NOx Controls
(vs Presumptive BART NO x Baseline Emissions) — LOS Unit 1

PTE Emissions,
basic SOFA NG,

Emissions with
basic SOFA+SNCR

Incremental
Visibility Incremental Visibility Additional
Impairment Impairment Incremental Visibility
Reduction Reduction PTE Impairment Reduction

PTE Emissions with
basic SOFA+SNCR

Control® NOy Control® NOy Control®
Federal Class 1 Area (dv) (dv) (dV)
TRNP-South Unit 0.00733 0.0157 0.00833
TRNP-North Unit 0.00733 0.0160 0.00867
TRNP-Elkhormn Ranct 0.00733 0.0137 0.00633
Lostwood NWR 0.0183 0.0393 0.0210

(1) -

(2) -

Incremental average predicted visibility impairmemact reductions (30percentile) relative to
presumptive BART post-control PTE N@nass emission hourly rate for years 2000-2002. SOFA
NOy post-control impacts are from PTE heat input emissi@sfatith SQ emissions reduced by
90% over pre-control PTE heat input baseline for theréuPTE case.

Incremental average predicted visibility impairmemact reductions ($0percentile) relative to
presumptive BART post-control PTE N@nass emission hourly rate for years 2000-2002. SOFA
+ SNCR post-control NQimpacts are from PTE heat input emission rates, withe®iissions
reduced by 90% over pre-control PTE heat input baselimédfuture PTE case.

(3) - Additional incremental average predicted visibilipairment impact reductions (9@ercentile)

relative to basic SOFA post-control PTE N@ass emission hourly rate for years 2000-2002.
SOFA + SNCR post-control NOmpacts are from PTE heat input emission rates, with SO
emissions reduced by 90% over pre-control PTE heat bgséline for the future PTE case.

Table 2.4-14 shows that incremental visibility irmpgent improvements predicted to result from
applying the basic SOFA with and without SNCR-erdeahalternatives to the presumptive BART

NOy PTE emission rate for LOS Unit 1 are very smale amount of visibility impairment

predicted for natural background conditions is mgater in magnitude than the amount predicted

from LOS Unit 1's post-control NOPTE emissions contribution alone. The data diswvs that

reductions in predicted visibility impairment impsithat result from a combination of presumptive

93 8/11/2009



BART NOx PTE emissions and S@TE emissions at the 90 percent (or better) cblavels
compared to the pre-control (protocol) emissionditions are much greater in significance than the
incremental improvements of predicted visibilitygairment from additional reductions in NO

emissions.

This analysis also includes a determination ofitiseemental cost-effectiveness of reducing
predicted visibility impairment impact for the SOmAth and without SNCR-enhanced alternatives
being evaluated for LOS Unit 1. The estimated LTia€reducing NQ emissions from LOS Unit 1
expected to result from separated overfire air (8br the future PTE case are shown in Table 2.4-
6. The comparison in Table 2.4-15 shows thatélie of the estimated additional annualized costs
of installing and operating SOFA with and witholN@GR-enhanced alternatives for the future PTE
conditions to the average predicted visibility inmpgent improvement relative to the presumptive
BART NOx PTE baseline emission rate for the future PTE appdied to LOS Unit 1 would result in

millions of dollars per deciView of visibility impanent improvement.

TABLE 2.4-15 — Cost Effectiveness of Visibility Imp  airment Reduction
from NO x Controls (vs Presumptive NO x Baseline Emissions) — LOS Unit 1

Additional
Incremental
Visibility

Impairment
Incremental Visibility Incremental Reduction
Impairment Reduction | Visibility Impairment Unit Cost

Unit Cost Reduction Unit Cost PTE Emissions,
PTE Emissions, PTE Emissions, basic SOFA +

basic SOFA NG basic SOFA + SNCR| SNCR vs SOFA

Lostwood NWR

Control @ NOy Control@® NOy Control®
Federal Class 1 Area ($/dV-yr) ($/dV-yr) ($/dV-yr)
TRNP-South Unit 19,640,000 197,800,000 354,600,000
TRNP-North Unit 19,640,000 193,700,000 341,000,000
TRNP-Elkhorn Ranch 19,640,000 226,800,000 466,600,000
7,860,000 78,800,000 140,700,000

(1) - Average predicted visibility impairment impact reduatig9d’ percentile) relative to
presumptive BART NQ PTE baseline emission rates for years 2000-2002 wigteB@sions
reduced by 90% over pre-control baseline for the futute €86e. Basic SOFA NOmpacts are
from PTE heat input emission rates. Control costs arezedeinnual values for installed capital
+ O&M for basic SOFA N control. All cost figures in 2005 dollars. See Table®for
details.

(2) - Average predicted visibility impairment impact reduasig9d" percentile) relative to
presumptive BART NQ PTE baseline emission rates for years 2000-2002 wigheBissions
reduced by 90% over pre-control baseline for the futute ¢86e. Basic SOFA+SNCR NO
impacts are from PTE heat input emission rates. Contstd eve levelized annual values for
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installed capital + O&M for basic SOFA+ SNCR N©@ontrol. All cost figures in 2005 dollars.
See Table 2.4-6 for details.

(3) - Average predicted incremental visibility impairmenpact reductions (30percentile) relative to
basic SOFA NQ PTE emission rates for years 2000-2002 with &@issions reduced by 90%
over pre-control baseline for the future PTE case. BaskASEd basic SOFA with SNCR NO
impacts are from PTE heat input emission rates. Incremeonittbl costs are levelized annual
values for installed capital + O&M for basic SOFA with SRI€ontrol vs basic SOFA NO
control. All cost figures in 2005 dollars. See Table@fdr details.

The number of days predicted to have visibility amment due to LOS Unit 1 emissions that were
greater than 0.50 and 1.00 deciViews at any recepi Class 1 area were determined by the
visibility model for the historic pre-control (patol) hourly NG, SO, and PM emission rates
described previously in this Section. The resatessummarized and presented in the Screening
Analysis Table of Appendix D. Similarly, the samé&rmation for the post-control S@nd PM
alternatives for LOS Unit 1 with presumptive BARTONPTE emission rates was summarized and is
shown in Table 3.4-15. The differences in averdgibility impairment impact and number of days
predicted to have visibility impairment greaterrtita50 and 1.00 deciViews at any receptor in a
Class 1 area between presumptive BARTyN@vission rates versus basic SOFA-controlled LOS
Unit 1 NO¢ emission rates with post-control génd PM alternatives are summarized and shown in
Table 2.4-16. The reductions in the average \igibimpairment impact and number of days
predicted to have visibility impairment greaterrtita50 and 1.00 deciViews at any receptor in a
Class 1 area between presumptive BARTxN@ission rates versus basic SOFA with SNCR-
controlled NG emission rates with post-control $&hd PM alternatives for LOS Unit 1 are also

summarized and shown in Table 2.4-16.

The magnitude of predicted visibility impairmentgacts and number of days predicted to have
visibility impairment impact greater than 0.50 d@n@0 deciViews at any receptor in a Class 1 area
varied significantly between years and Class 1.afidge highest number of days in which the
predicted visibility impairment impact above baakgnd exceeded 0.5 deciViews was for the pre-
control (protocol) emission case in year 2000 fostiwvood NWR. A series of bar charts showing the
number of days with predicted visibility impairmentpact greater than 0.50 and 1.00 deciViews for
each Class 1 area for both the pre-control andquogtrol model results is included in Section 3.4.
The post-contro§O, and PM alternatives with SOFA for N@ontrol were only slightly lower for

the predicted visibility impairment impacts and ragnof days predicted to have visibility
impairment impacts greater than 0.50 and 1.00 dewi¥ compared to the same post-con86} and
PM conditions with presumptive BART NOPTE emission rates. The number of days are pieen

in Appendix D. A series of bar charts showing diifeerence in the number of days with predicted
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visibility impairment impact greater than 0.50 dn@0 deciViews for each Class 1 area for the
SOFA-controlled PTE emission rates compared toumngsive BART NQ PTE emission rates with
post-controlSO, and PM alternatives is included in Figures 2.2-8;10, and 2.4-11.

(The following article is a replacement of the same section in the August 2006 BEPC BART
Determination Study final draft report)

245 SUMMARY OF IMPACTS OF LOS NO x CONTROLS — UNIT 1

Table 2.4-17 summarizes the various quantifiablesiots discussed in Sections 2.4.1 through 2.4.4
for the single BART NQ alternative evaluated for LOS Unit 1.
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Table 2.4-16 — Visibility Impairment Reductions — B

Presumptive BART NO x Control with SO ; and PM Controls

asic SOFA and Basic SOFA + SNCR vs

LOS Unit 1
AConsecutive| AConsecutive| AConsecutive
Visibility ADays? | ADays? | ADays? | ADays? | ADays? | ADays? Days? Days? Days?
Impairment | Exceeding| Exceeding| Exceeding| Exceeding| Exceeding| Exceeding| Exceeding Exceeding Exceeding
NOy Control Reduction | 0.5dVin | 0.5dVin | 0.5dVin | 1.0dVin ] 1.0dVin | 1.0dVin 0.5 dv 0.5 dv 0.5 dv
Class 1 Area Technique? (AdV) 2000 2001 2002 2000 2001 2002 2000 2001 2002
)
TRNP South Basic SOFA 0.0073% 1 0 0 0 0 0 0 0 0
)
TRNP North Basic SOFA 0.0073% 2 3 2 0 0 0 0 1 0
)
TRNP Elkhorn [ o copa 0.0073%’ 1 0 1 1 0 1 0 0 0
)
Lostwood NWR| o cqea 0.018%° 0 0 2 0 2 0 0 0 0
TRNP South Basic ) 2 2 3 1 0 0 0 1 0
SOFA+SNCR | 00157
TRNP North Basic ) 3 3 4 1 0 2 0 1 0
SOFA+SNCR 0.016¢"
TRNP Elkhorn Basic ) 1 0 1 1 0 1 0 0 0
SOFA+SNCR 0.0137"
Lostwood NWR Basic ) 1 4 4 0 3 2 0 0 0
SOFA+SNCR | 0:039%'

1-

modeling results are presented in Appendix D.

2 -
3 -

Difference in number of days is f0fercentile level for predicted visibility impadts Table 3.4-15.
Average predicted visibility impairment redioos (99" percentile) from all PTE emissions for S&hd PM post-control alternatives with basic SOFBN

SQ emissions reduced by 90% over pre-control baséinthe future PTE case. A summary of the modgedicenarios is provided in Table 1.4-1 and the

control at 0.23 Ib/mmBtu relative to presumptive Nénission level of 0.29 Ib/mmBtu with PTE heat inpmission rates (future PTE case), years 2000-2002

4 -

Average predicted visibility impairment redioos (98" percentile) from all PTE emissions for $&hd PM post-control alternatives with basic SOF8NCR

NOx control at 0.168 Ib/mmBtu relative to presumptN®yx emission level of 0.29 Ib/mmBtu with PTE heat inpmission rates (future PTE case), years 2000-

2002.
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Figure 2.4-9 — Days of Visibility Impairment Reduct
Basic SOFA vs Presumptive BART NO x Control with SO , and PM Controls
LOS Unit 1

ions — 0.5 dV

Reduction in Number of Days Exceeding 0.5 d
SOFA NOx Control vs Presumptive BART NOXx control baeline
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90% SO2 control 90% SO2 control 90% SO2 control
(2]
> 3
©
()]
©
= 2
(D)
@)
=
>
=z 17
(0 days) | (O days) (0 days) (0 days (0 days)
0 TRNP | TRNP TRNP Lost | TRNP | TRNP TRNP Lost TRNP TRNP TRNP Lost
South | North | Elkhorn | Wood | South| North | Elkhorn | Wood | South | North | Elkhorn | Wood
Ranch | NWR Ranch | NWR Ranch | NWR
2000 2001 2002
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Figure 2.4-10 — Days of Visibility Impairment Reduc
x Control with SO , and PM Controls

LOS Unit 1

Basic SOFA vs Presumptive BART NO

tions — 1.0 dV

Number of Days

Reduction in Number of Days Exceeding 1.0 dV
SOFA NOx Control vs Presumptive BART NOXx control baeline
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Figure 2.4-11 —Visibility Impairment Reductions — C

Basic SOFA vs Presumptive BART NO

LOS Unit 1

onsecutive Days Above 0.5dV

x Control with SO > and PM Controls

Number of Days

Reduction in Maximum Consecutive Days Exceeding 0.V
SOFA NOx Control vs Presumptive BART NOXx control b&eline
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Figure 2.4-12 — Days of Visibility Impairment Reduc  tions — 0.5 dV
Basic SOFA + SNCR vs Presumptive BART NO x Control with SO , and PM Controls
LOS Unit 1

Reduction in Number of Days Exceeding 0.5d
SOFA with SNCR NOx control vs Presmptive BART NOx

Number of Days
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2000 2001 2002
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Figure 2.4-13 — Days of Visibility Impairment Reduc
Basic SOFA + SNCR vs Presumptive BART NO x Control with SO , and PM Controls
LOS Unit 1

tions — 1.0 dV

Reduction in Number of Days Exceeding 1.0 d
SOFA with SNCR NOx control vs Presmptive BART NOx
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Figure 2.4-14 —Visibility Impairment Reductions — C
Basic SOFA + SNCR vs Presumptive BART NO
LOS Unit 1
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Figure 2.4-15 — Days of Visibility Impairment Reduc
Basic SOFA + SNCR Control vs SOFA NO « Control with SO , and PM Controls

LOS Unit 1
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Basic SOFA + SNCR vs Presumptive BART NO

Figure 2.4-16 — Days of Visibility Impairment Reduc

LOS Unit 1
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x Control with SO , and PM Controls
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Figure 2.4-17 —Visibility Impairment Reductions — C
Basic SOFA + SNCR vs Presumptive BART NO
LOS Unit 1
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SOFA with SNCR NOx control vs SOFA NOx control

1.2
1
wn
2
3 08
©
- 0.6
(D)
O
£ 04
>
=z
0.2
O T ITNRP | TNRP TNRP Lost TNRP | TNRP TNRP Lost TNRP TNRP TNRP Lost
South | North |Elkhorn| Woods | South| North | Elkhorn | Woods | South | North | Elkhorn | Woods
Ranch | NWR Ranch | NWR Ranch [ NWR
2000 2001 2002
106 8/11/2009




Table 2.4-17 — Impacts Summary for LOS Unit 1 NO
(vs Presumptive BART NO x PTE Emissions)

x Controls

Visibility Impairment Incremental
NOy Control Annual Levelized Impact Reduction Visibility
Technique NOy NOy Total Unit Impairment
w/ SO, Control Emissions Annual Control Reduction Energy Non Air
Control Efficiency | Reduction Cost® Cost® Class 1 Incremental | Unit Cost® @ Impact Quiality
Level (%) (tpy) (%) ($/ton) Area AdV ($/dV) (kW) Impacts
TRNP-S 0.00739 $19,640,000
Basic SOFA TRNP-N 0.00739 $19,640,000 uﬁg’lﬁ‘e .
0, 0,
w/ ngn/t"rjq 20.7% 689 $144,000 $208 TRNP-Elk 0.0073% $19,640,000 1 carbon
increase
LNWR 0.018% $7,860,000
TRNP-S 0.0157 197,800,000 Flyash
'f’rag:\cl CSFSVF\//A TRNP-N 0.016¢ 193,700,000 uggfggﬁd
0,
90% SQ 42.0% La17 $3,100,00¢  $2.18f Lo EK 0.013% 226,800,000 | 68 increase,
Control 4 ammonia in
LNWR 0.039 78,800,000 flyash
. TRNP-S 0.0083% 354,600,000
Basic SOFA ? 5
+ SNCR vs TRNP-N 0.0086 341,000,00 .
. 2,955,000 ammonia in
basic SOFA 26.8% 728 $2, 5 $4,059 35.8°
1] L] ) )
W/ 90% SQ TRNP-Elk 0.00638 466,600,000 flyash
Control LNWR 0.0216” 140,700,008

(1) -
() -
@) -

All cost figures in 2005 dollars. See TeaBl4-6 for detalils.
LTAC for post-control NQ control alternative divided by IncrementadV.
Average predicted visibility impairment iex improvements (incremental,"®percentile) for years 2000-2002 (annual) modetqatesumptive
BART post-control PTE N@mass emission hourly rate of 760.4 Ib/hr (0.2&htBtu x 2,622 mmBtu/hr) minus average of year 20002 (annual)

predicted visibility impairments modeled at bas@F2\ control alternative’s post-control PTE N@ass emission hourly rate of 603.1 Ib/hr (0.23
Ib/mmBtu x 2,622 mmBtu/hr) with SGnd PM post-control alternatives at PTE heat imgpoission rates (future PTE case) for both ca$éss case
assumes 90% S@ontrol over pre-control baseline.

(4) -

Average predicted visibility impairment iexg improvements (incremental,"percentile) for years 2000-2002 (annual) modetqatesumptive
BART post-control PTE NQ@mass emission hourly rate of 760.4 Ib/hr (0.2&nHBtu x 2,622 mmBtu/hr) minus average of year 20002 (annual)

predicted visibility impairments modeled at bas@F& with SNCR control alternative’s post-controlPINO, mass emission hourly rate 441 Ib/hr
(0.168 Ib/mmBtu x 2,622 mmBtu/hr) with 3@nd PM post-control alternatives at PTE heat impoission rates (future PTE case) for both ca$bss

case assumes 90% Seantrol over pre-control baseline.
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(5) - Average predicted incremental visibilitypairment impact improvements (incremental” @@rcentile) for years 2000-2002 (annual) modeteBIGFA
post-control PTE N@Qmass emission hourly rate of 603.1 Ib/hr (0.281Btu x 2,622 mmBtu/hr) minus average of year 22002 (annual)
predicted visibility impairments modeled at bas@F\ with SNCR control alternative’s post-controlPINOx mass emission hourly rate 441 Ib/hr

(0.168 Ib/mmBtu x 2,622 mmBtu/hr) with 3@nd PM post-control alternatives at PTE heat immoission rates (future PTE case) for both ca$bs
case assumes 90% s€antrol over pre-control baseline.
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(The following article is a copy of the same section in the August 2006 BEPC BART Determination
Study final draft report. Itis included here for continuity from the corrected and amended Unit 1
portion of the BEPC BART Determination Study report and the corrected Unit 2 portion that follows)

2.5 EVALUATION OF IMPACTS FOR FEASIBLE NO x CONTROLS - LOS
UNIT 2

The fourth step of a BART analysis is to evaluagfollowing impacts of feasible emission controls:
+ The cost of compliance.
+ The energy impacts.
+ The non-air quality environmental impacts.

+ The remaining useful life of the source.

The purpose of the impacts evaluation is to detegrifithere are any energy, economic, non-air
guality environmental reasons, or aspects of theaming useful life of the source, which would

eliminate the control technologies from considerafior Leland Olds Station Unit 2.

251 COST IMPACTS OF NOx CONTROLS — LOS UNIT 2

An evaluation was performed to determine the coamgké costs of installing various feasible NO
control alternatives on LOS Unit 2 boiler. Thisakation included estimates for:

» Capital costs;

* Fixed and variable operating and maintenance casts;

» Levelized total annual costs
to engineer, procure, construct, install, startapt, and place into commercial operation the
particular control technology. The results of tevaluation are summarized in Tables 2.5-1 through
2.5-8. From Step 3 of the BART analysis, compavet other similarly-effective NQ controls,
conventional gas reburn alternatives would havé bkpected capital costs for a natural gas supply
pipeline and on-going natural gas costs. Thusretise technically feasible gas-consuming

alternatives are considered economically unattrador application at LOS on the Unit 2 boiler.

Although the BART Guidelines prescribes followingtap down” analysis approach for BART
determination, the development of a least costlepeewith dominant control§70 FR 39168]
clearly labels points with lower emissions reduasi@nd total annual costs first, i.e. “A”, “B”, etc

then proceeding with labeling and connecting pgihd¢ted further away from the zero emission
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reduction point. This “bottom-up” approach is fdotting the least-cost (dominant) control curve.

The labeling of each unit's NQcontrol technique alternative has followed thipra@ach.

2511 CAPITAL COST ESTIMATES FOR NO x CONTROLS - LOS UNIT 2
The capital costs to implement the variousNOntrol technologies were largely estimated framit u

output capital cost factors ($/kW) published inhteical papers discussing those control technologies
In the cases involving SNCR, preliminary vendor dpeidry cost information was obtained and used
in place of, or to adjust, the published unit otifpst factors. These cost estimates were corsider

to be study grade, which is + or — 30% accuracy.

A review of the unit capital cost factor range aimthle point unit capital cost factor for the fddsi

NOy emission reduction technology evaluated for LO% Qrare presented in Table 2.5-1.

TABLE 2.5-1 — Unit Capital Cost Factors of
Feasible NO x Control Options for LOS Unit 2

Single Point
Unit Capita}I)Cost
3
A Range® &)
1 .
No. NOyx Control Technique ($/kW) LOS Unit 2
Rich Reagent Injection (RRI) + SNCR (using ured) ) 4),(5),(6)
D | and ASOFA 20+7 48
C SNCR (using urea) w/ ASOFA 20485 3850
B Coal Reburn (conventional, pulverized) w/ ASOFA 3660 153%®)
A Advanced Separated Overfire Air (ASOFA) 50 239

(1) — Alternative designation has been assigned from higiésvest unit NQ emission rate.

(2) — Unit capital cost factors ($/kW) of these indivatitechnologies combined by simple addition. Actual
installed costs may differ due to positive or negative systcgffects. Range based on published
values or vendor proposals.

(3) — Single point cost factor is best estimate for deteatigin of total capital cost for a particular technology
or combination, assuming maximum unit capacity is basexkisting nameplate rating. Single point
cost figures in 2005 dollars.

(4) — No published RRI unit capital cost factor was foumevailable technical literature. The installed
capital costs for RRI are expected to be similar to SNERoth RRI and SNCR are installed together,
capital cost of the RRI+SNCR portion was assumed to betieseapital cost of SNCR alone, due to
commonality between the two systems sharing certain equipmdrdystems.

(5) — Estimated capital cost for SNCR point estimate deffraed December 2004 budgetary proposal by
Fuel Tech. See Appendix A for detalils.

(6) — The single point unit capital cost factor showntlier“advanced” version of SOFA derived from Burns
& McDonnell internal database and cost estimate for Northofadlgnite-fired cyclone boilers.

(7) — NESCAUM 2005 Technical Paper, posted at their welisitbasic SOFA. See Appendix A for details.
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(8) — The single point unit capital cost factor shownafapal reburn system is highly site-specific, and
assumes that new pulverizers and building enclosures aresg:qlihe general cost range for pulverized
coal-fired boilers is included in the NESCAUM 2005 TechnRaper; for cyclone boilers is included in
the 2005 WRAP Draft Reporposted at their website. The single point unit capital fe@sor for this
alternative for increased PM collection capacity included in @airn options is 57.5 $/kW. See
Appendix A for details.

Annualized capital cost, which includes the timtugaof capital monies and its recovery, is
determined from the estimated capital cost andrtbhodology described in Section 1. Table 2.5-2
shows the estimated installed capital cost andairad capital cost values for the highest-
performing form of the various feasible N®mission reduction technologies applied to LOS @ni
These were developed by multiplying the unit cdjitest single point factors for the control option
by the nameplate output capacity rating of theeepe unit. These are listed in order of control
effectiveness, with the highest ranked optionfiattop.

TABLE 2.5-2 — Installed and Annualized Capital Cost s Estimated for

NOx Control Alternatives - LOS Unit 2

Installed Annualized
Capital Capital
Alt. Cost? Cost?
No.® NOy Control Alternative ($1,000) ($1,000)
Rich Reagent Injection (RRI) + SNCR (using urea) and
D ASOFA 20,200 1,760
C | SNCR (using urea) w/ ASOFA 16,800 1,470
B | coal Reburn (conventional, pulverized) w/ ASOFA 67,400" 5,880"
A | Advanced Separated Overfire Air (ASOFA) 10,100 883
Baseline 0 0

(1) — Alternative designation has been assigned fronekidh lowest unit NQemission rate.
(2) — Installed capital cost is estimated for determinatid¢atal capital cost for a control technology,
assuming maximum unit output capacity is based on existingeplate rating of 440,000 kW.

Installed capital cost figures in 2005 dollars.

(3) — Annualized capital cost = Installed capital cost 818 Capital Recovery Factor.
(4) — Costs for increased PM collection capacity includezbal reburn option are $25,300,000 for
installed capital cost, and $2,200,000/yr annualized cajpishl ¢

(The following article is a replacement of the same section in the August 2006 BEPC BART

Determination Study final draft report)

2512
CONTROLS - LOS UNIT 2

The operation and maintenance costs to implementdhious NQ control technologies were largely

OPERATING AND MAINTENANCE COST ESTIMATES FO R NOx

estimated from cost factors (percentages of irstaibpital costs) established in the EPA’s Air

Pollution Control Cost Manual (OAQPS), and from imegring judgment applied to that control
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technology. In the cases including various forfhSMCR, preliminary vendor quotes were obtained
and used in place of, or to adjust the OAQPS @udbfs. These cost estimates were considered to be

study grade, which is + or — 30% accuracy.

Fixed and variable operating and maintenance cosisidered and included in each Néontrol
technology’s Levelized Total Annual Costs are eatas of:
* Auxiliary electrical power consumption for operafithe additional control equipment;
* Reagent consumption, and reagent unit cost for SBIGRRRRI alternatives; and
¢ Reagent dilution water consumption and unit cosBINCR and RRI alternatives.
* Increases or savings in auxiliary electrical poe@nsumption for changes in coal preparation
equipment and loading, primarily for fuel reburrses;
* General operating labor, plus maintenance labomaatérials devoted to the additional
emission control equipment and its impact on exgshoiler equipment.
¢ Reductions in revenue expected to result from dbsmit availability, i.e. outages
attributable to the control option, which reducewal net electrical generation available for

sale (revenue).

Table 2.5-3 and Table 2.5-4 show the estimatedaroperating and maintenance costs and levelized
annual O&M cost values for the highest-performiagni of the various feasible N@mission

reduction technologies. These are listed in oodleontrol effectiveness, with the highest ranked
options at the top. The cost methodology summadriizésection 1.3.5 provides more details for the

levelized annual O&M cost calculations and costdex
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TABLE 2.5-3 — Estimated O&M Costs for NO x Control Options
(Relative to Historic Pre-Control Annual Emission B aseline) —LOS Unit 2

Levelized
Annual Annual
0&M 0O&M
Alt. Cost? Cost®
No.® NOy Control Alternative ($1,000) ($1,000)
Rich Reagent Injection (RRI) + SNCR (using urea) and
D ASOFA 11,340 13,530
C SNCR (using urea) w/ ASOFA 6,750 8,060
B Coal Reburn (conventional, pulverized) w/ ASOFA 5,900" 7,040"
A Advanced Separated Overfire Air (ASOFA) 152 182
Baseline, based on annual operation at historic 24-md 0 0
average pre-control emission rate

(1) — Alternative designation has been assigned fronekidh lowest unit NQemission rate.

(2) — Annual O&M cost figures in 2005 dollars.

(3) — Levelized annual O&M cost = Annual O&M cost x4314 Annualized O&M cost factor.

(4) — Costs for increased PM collection capacity includembal reburn option are $1,740,000 for
annual O&M cost, and $2,080,000/yr levelized annual O&Bst.co

Annual operating and maintenance costs of the Bléhtrol options in Table 2.5-3 and Table 2.5-4
are based on LOS Unit 2 operation with the corapion at 5,130 mmBtu/hr heat input and 8,760
hrs/yr operation. The Table 2.5-3 O&M costs atatiee to unit pre-control baseline operation at
0.667 Ib/mmBtu for the highest 24-month Némission summation at 4,478 mmBtu/hr heat input fo
8,050 hrs/yr operation of LOS Unit 2. The Tablg-2.0&M costs are relative to unit pre-control
baseline operation at 0.667 Ib/mmBtu for the maxmNIOx emissions associated with the future
PTE case at 5,130 mmBtu/hr heat input for 8,766@/hogperation of LOS Unit 2.
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(Relative to PTE Pre-Control Annual Emission Baseli

TABLE 2.5-4 — Estimated O&M Costs for NO x Control Options
ne — Future PTE Case) —

LOS Unit 2
Levelized
Annual Annual
O&M O&M
Alt. Cost? Cost®
No.® NOy Control Alternative ($1,000) ($1,000)
Rich Reagent Injection (RRI) + SNCR (using urea) and
D ASOEA 11,340 13,530
C SNCR (using urea) w/ ASOFA 6,750 8,060
B Coal Reburn (conventional, pulverized) w/ ASOFA 5,900” 7,040"
A Advanced Separated Overfire Air (ASOFA) 152 182
Baseline, based on annual operation at future PTE cgse 0 0
pre-control emission rate

(1) — Alternative designation has been assigned fronekidh lowest unit NQemission rate.

(2) — Annual O&M cost figures in 2005 dollars.

(3) — Levelized annual O&M cost = Annual O&M cost x4314 Annualized O&M cost factor.

(4) — Costs for increased PM collection capacity includezbal reburn option are $1,740,000 for
annual O&M cost, and $2,080,000/yr levelized annual O&Mst.co

The majority of the annual operating and mainterarasts for the alternatives using chemical
reagent injection (urea) for N@missions control are for the delivered reagedtdilution water.
Both RRI and SNCR are assumed to dilute the 50%@uepiurea solution as-received to a 10%
aqueous urea concentration for direct injection the targeted furnace areas. Higher than theateti
normalized (molar) stoichiometric ratios (NSRs) tlee moles of equivalent reagent injected (urea)
per mole of inlet N@ emission were assumed for SNCR with ASOFA, andRigr+SNCR with
ASOFA due to inefficiencies inherent in their uSehese annual costs reflect a significant incréase

reagent consumption above the theoretical ratesdbas expected amounts of reagent utilization.

In order to compare a particular N®mission reduction alternative during the costarhpliance
impact analysis portion of the BART selection pessahe basic methodology defined in the BART
Guidelinesvas followed [70 FR 39167-39168]. The sum of eatad annualized installed capital
plus levelized annual operating and maintenances caich in this analysis is referred to as
“Levelized Total Annual Cost” (LTAC) of expectedIpdant removal incurred by implementing that
alternative, was calculated. The LTAC for thesexNOntrol alternatives was calculated based on
the same economic conditions and a 20 year prijie¢see Section 1.3.5 of this BART evaluation

for methodology details).
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The Average Cost Effectiveness (also called Unitt@b Cost) was then determined as the LTAC
divided by baseline annual tons of pollutant emissithat would be avoided by implementation of
the respective alternative. The feasible contitelaatives were also compared by calculating the
change in LTAC per incremental ton of pollutant cemed for the next most stringent alternative
(incremental cost effectiveness). This identifiduich alternatives produced the highest incremént o
expected pollutant reduction for the estimated kivewerage LTAC increment compared with the
pre-control baseline emission rate. The expeatedi@ number of tons of pollutant removed versus
estimated LTAC for each remaining control altenativas then plotted. These incremental and
average control costs relative to the historicgetrol annual N@ emission baseline for LOS Unit 2
are shown in Table 2.5-5. The incremental andagescontrol costs relative to the PTE pre-control

annual NQ emission baseline for LOS Unit 2 are shown in €&bb-6.

TABLE 2.5-5 — Estimated Annual Emissions and LTACf  or NOx Control Alternatives

(Historic Pre-Control Annual Emission Baseline) —LOS Unit 2
Levelized
Annual Annual NOy Total Average
NOx Emissions Annual Control
Alt. Emission$? | Reduction® Cost®® Cost?
No.® NOy Control Alternative (Tonslyr) (Tonslyr) ($1,000) ($/ton)
Rich Reagent Injection (RRI) + SNCH
D (using urea) and ASOFA 5,895 6,128 15,290 2,500
C SNCR (using urea) w/ ASOFA 6,762 5,261 9,520 1,810
B \,Cv;)'zz\ls%egxrn (conventional, pulverizefl) 7115 4.908 12.950 2 636
A ,(A’\A(\jg/gr;cpt\e)d Separated Overfire Air 10,796 1,227 1,060 867
Baseline, based on annual operation jt
historic 24-mo average pre-control 12,023 0 0

emission rate

(1) — Alternative designation has been assigned from high&svest unit NQ emission rate.
(2) — NG emissions and control level reductions relative to thetispre-control annual baseline for LOS Unit 2.
(3) — Levelized Total Annual Cost = Annualized Installed G&iost + Levelized Annual O&M cost. See
footnote #3 for Tables 2.5-2 and 2.5-3 for annualizetifeators.
(4) — Annualized cost figures in 2005 dollars.
(5) — LTAC for increased PM collection capacity includedaal reburn option are $2,200,000 for
annualized capital cost plus $2,080,000 for annualized O&M farsh total of $4,280,000/yr.
This results in an average control cost of $873 peotdOy removed.
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TABLE 2.5-6 — Estimated Annual Emissions and LTACf or NOx Control Alternatives

(PTE Pre-Control Annual Emission Baseline  —Future PTE Case)
LOS Unit 2
Levelized
Annual Annual NOyx Total Average
NOx Emissions Annual Control
Alt. Emission$? | Reduction® Cost¥® Cost?
No.® NOy Control Alternative (Tons/yr) (Tons/yr) ($1,000) ($/ton)
Rich Reagent Injection (RRI) + SNCH
D (using urea) and ASOFA 5,895 9,094 11,340 1,680
C | SNCR (using urea) w/ ASOFA 6,762 8,226 6,750 1,160
Coal Reburn (conventional, pulverizefl)
B of ASOFA 7,115 7,873 5,908 1,646
Advanced Separated Overfire Air
A (ASOFA) 10,796 4,193 1,060 254
Baseline, based on annual operation jt
future PTE case pre-control emission 14,989 0 0

rate

(1) — Alternative designation has been assigned from highé&svest unit NQ emission rate.

(2) - NQ( emissions and control level reductions relative to thedytatential-to-emit pre-control annual baseline
for the future PTE case applied to LOS Unit 2.

(3) — Levelized Total Annual Cost = Annualized Installed @&iost + Levelized Annual O&M cost. See
footnote #3 for Tables 2.5-2 and 2.5-4 for annualizetifegators.

(4) — Annualized cost figures in 2005 dollars.

(5) — LTAC for increased PM collection capacity includedoal reburn option are $2,200,000 for
annualized capital cost plus $2,080,000 for annualized O&M) fwysa total of $4,280,000/yr.
This results in a average control cost of $544 per tow@f removed.

The comparison of the cost-effectiveness of théroboptions evaluated for LOS Unit 2 relative to
two different NG emission baselines was made and is shown in BEdugel and 2.5-2. The
estimated annual amount of N@moval (emission reduction) in tons per yeaddasted on the
ordinate (horizontal axis) and the estimated |leeelitotal annual cost in thousands of U.S. doplars

year on the abscissa (vertical axis).
Figure 2.5-1 is for the control options evaluateldtive to the baseline historic pre-control annual

baseline, compared to the post-control maximum anR®y emissions for operation of LOS Unit 2

under the future PTE case.
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Figure 2.5-1 — NO x Control Cost Effectiveness — LOS Unit 2
(Historic Pre-Control Annual Emission Baseline) @

Levelized Total Annual Cost,

Leland Olds Station Unit 2
Annual NOx Emissions Removal vs LTAC

(Historic Pre-Control Annual Emission Baseline)

18000
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air (ASOFA) D
B = Coal reburn w/ ASOFA .
C = SNCR w/ ASOFA

D = Rich Reagent
Injection+SNCR w/ ASOFA
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Annual NOx Removal, tons/yr

(1) - All cost figures in 2005 dollars. Numbers areelisand qualifiers are noted in Table 2.5-5.
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Figure 2.5-2 plots estimated levelized total anmmasks versus estimated annual amount of NO

removal (emission reduction) for the control opsi@valuated relative to the maximum pre-control

annual baseline and future potential-to-emit pasitol NO; emissions for operation of LOS Unit 2

under the future PTE case.

Figure 2.5-2 — NO x Control Cost Effectiveness — LOS Unit 2
(PTE Pre-Control Annual Emission Baseline

— Future PTE Case) ®

Levelized Total Annual Cost (1000$)

Leland Olds Station Unit 2
Annual NOx Emissions Removal vs LTAC
(PTE Pre-Control Annual Emission Baseline)

18000 ,
A= Advanced separated overfire
| air (ASOFA)
16000 B = Coal reburn w/ ASOFA
C = SNCR w/ ASOFA
14000 | p=Rich Reagent
Injection+SNCR w/ ASOFA B e
12000 -
10000 c,
8000 ~
6000 -
4000 -
2000 A
.
O T T T T
0 2000 4000 6000 8000

Annual NOx Removal, tons/yr

10000

(1) - All cost figures in 2005 dollars. Numbers areelisand qualifiers are noted in Table 2.5-6.

The purpose of Figures 2.5-1 and 2.5-2 is to stmarange of control and cost for the evaluateg NO

reduction alternatives and identify the least-@ustitrols so that the Dominant Controls Curve can be

created. The Dominant Controls Curve is the iebné through the points forming the lower

rightmost boundary of the data zone on a scattgrgblthe LTAC versus the annual N@moval

tonnage for the various remaining BART alternativEeints distinctly to the left of and above this

curve are inferior control alternatives per the BABuidelines and BART Guidelines on a cost
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effectiveness basis. Following a “bottom-up” gri@ghcomparison approach, each of the,NOntrol
technologies represented by a data point to th@ieind above the least cost envelope should be
excluded from further analysis on a cost efficiebagis. Of the highest-performing versions of the
technically feasible LOS Unit 2 NCcontrol alternatives evaluated for cost-effecte®s) the data point
for coal reburn with ASOFA is seen to be more goftt fewer tons of NQ removed than for SNCR
with ASOFA. This appears to be an inferior contewid thus should not be included on the least cost
and Dominant Controls Curve boundary. Note that-edfectiveness points for conventional gas
reburn and fuel-lean gas reburn alternatives wbeldistinctly left and significantly above the leas

cost-control envelope, so these options were rbudied in the cost-effectiveness analysis.

The next step in the cost effectiveness analysih®BART NQ control alternatives is to review

the incremental cost effectiveness between renmieizst-cost alternatives. Figure 2.5-3 and Figure
2.5-4 contains a repetition of the levelized tatahual cost and NQOcontrol information from Figure
2.5-1 and Figure 2.5-2 with Point B removed, analnshthe incremental cost effectiveness between
each successive set of least-costyMOntrol alternatives. The incremental NEbntrol tons per

year, divided by the incremental levelized annwat cyields an incremental average unit cost ($/ton
This represents the slope of a line, if drawn, flame least-cost point as compared with anothet-leas
cost point. This modified least-cost controls @iz the Dominant Controls Cost Curve for NO

emissions alternatives for each of the LOS Unite2gontrol baselines evaluated.
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TABLE 2.5-7 — Estimated Incremental Annual Emission s and LTAC for NO x Control

Alternatives (Historic Pre-Control Annual Emission Baseline) —LOS Unit 2
Incremental
Levelized Levelized Incremental
Total Annual Total Annual Incremental
Annual Emission Annual Emission Control Cost
Alt. NOy Cost?® | Reduction® | Cost¥® | Reduction®® | Effectiveness
No.® Control Technique ($1,000) (Tons/yr) ($1,000) (Tons/yr) ($/ton)®©®
Rich Reagent Injection
(RRI) + SNCR (using
D urea) and ASOFA 15,290 6,128 5,770 867 6,650
SNCR (using urea) w/
C ASOFA 9,520 5,261 8,460 4,034 2,100
Advanced SOFA
A (ASOFA) 1,060 1,227 1,060 1,227 867
Baseline, based on annufl
operation at historic 24- 0 0
month average pre-contrgl
emission rate
(1) — Alternative designation has been assigned fronekidh lowest unit NQemission rate.
(2) — Levelized Total Annual Cost = Annualized Installedi@agost + Levelized Annual O&M cost.
See footnote #3 for Tables 2.5-2 and 2.5-3 for annualiasidfactors.
Costs for increased PM collection efficiency are includezbad reburn option.
(3) — Annualized cost figures in 2005 dollars.
(4) — NG emissions and control level reductions relative to tehec pre-control annual baseline for LOS Unit 2.
(5) — Increment based upon comparison between consecutivegltes (points) from lowest to highest.
(6) — Incremental control cost effectiveness is incremental@ d@ikided by incremental annual emission reduction

(tons per year).
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TABLE 2.5-8 — Estimated Incremental Annual Emission
Alternatives (PTE Pre-Control Annual Emission Basel

s and LTAC for NO x Control

ine —Future PTE Case)

LOS Unit 2
Incremental
Levelized Levelized Incremental
Total Annual Total Annual Incremental
Annual Emission Annual Emission Control Cost
Alt. NOy Cost?® | Reduction® | Cost¥® | Reduction®® | Effectiveness
No.® Control Technique ($1,000) (Tonslyr) ($1,000) (Tonslyr) ($/ton)®©®
Rich Reagent Injection
(RRI) + SNCR (using
D urea) and ASOFA 11,340 9,094 5,770 867 6,650
SNCR (using urea) w/
C ASOEA 6,750 8,226 8,460 4,034 2,100
Advanced SOFA
A (ASOFA) 1,060 4,193 1,060 4,193 254
Baseline, based on annugl
operation at future PTE 0 0
case pre-control emissio
rate T

(1) — Alternative designation has been assigned from high&svest unit NQ emission rate.
(2) — Levelized Total Annual Cost = Annualized Installed Gaiost + Levelized Annual O&M cost.
See footnote #3 for Tables 2.5-2 and 2.5-3 for annualiasifactors.
Costs for increased PM collection capacity are included inrebakn option.

(3) — Annualized cost figures in 2005 dollars.
(4) — NQ emissions and control level reductions relative to theduytotential-to-emit pre-control annual baseline
for the future PTE case applied to LOS Unit 2.

(5) — Increment based upon comparison between consecutivegltes (points) from lowest to highest.

(6) — Incremental control cost effectiveness is incremental@ @&ided by incremental annual emission reduction
(tons per year).

In the comparison displayed in Figure 2.5-3 andiféd®.5-4, for the data shown in Table 2.5-7 and
Table 2.5-8, the RRI+SNCR with Advanced SOFA Nfontrol alternative (Point D) had a
significantly higher incremental unit NQontrol cost (slope, $6,650/ton) compared ag@h8ER
with ASOFA alternative (Point C) versus SNCR witB@FA (Point C) compared against the
ASOFA alternative (Point A) ($2,100/ton).
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Figure 2.5-3 — NO x Control Cost Effectiveness — LOS Unit 2
Dominant Cost Control Curve
(Historic Pre-Control Annual Emission Baseline) @

Levelized Total Annual Cost

Leland Olds Station Unit 2 NOx Control
Dominant Cost Control Curve
(Historic Pre-Control Annual Emission Baseline)
18000
Slope = incremental $/ton
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air (ASOFA)
14000 - C=SNCR w/ASOFA $6,650/ton
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% 10000 -
o
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(1) - All cost figures in 2005 dollars. Numbers asteldl and qualifiers are noted in Table 2.5-7.
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Figure 2.5-4 — NO x Control Cost Effectiveness — LOS Unit 2
Dominant Cost Control Curve
(PTE Pre-Control Annual Emission Baseline  — Future PTE Case)

Leland Olds Station Unit 2 NOx Control
Dominant Cost Control Curve
(PTE Pre-Control Annual Emission Baseline)

18000
Slope = Incremental $/ton
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Annual NOx Removal, tons/yr

(1) - All cost figures in 2005 dollars. Numbers astddl and qualifiers are noted in Table 2.5-8.

In the final BART Guidelines, the EPA neither prepe hard definitions for reasonable, or
unreasonable Unit Control Costs nor for incremetwat effectiveness values. As can be seen from a
review of Table 2.5-5, the average levelized cdrdost effectiveness of control alternatives
calculated for the future PTE case relative tohiglest 24-hour historic baseline N@®mission

ranges from $867/ton to $2,630/ton. Table 2.5dshaverage levelized control cost effectiveness

of control alternatives calculated for the futufeEERcase relative to the presumptive Némission

level ranges from $254/ton to $1,680/ton. Theetdtas lower costs per ton of N®mission

removal due to the higher number of tons removedhi® maximum emissions for pre-control

baseline and additional controls under the futulre Pase.
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The incremental cost effectiveness is a measutigeahcrease in marginal cost effectiveness between
two specific alternatives. Alternatively, the iaomental cost effectiveness analysis identifiegdie

of change of cost effectiveness with respect toorahbenefits (i.e., the slope of the Dominant
Control Cost Curve) between successively more effealternatives. The incremental cost analysis
indicates that from a cost effectiveness viewpdh#, highest performing alternative is Rich Reagent
Injection + SNCR with ASOFA (Point D). This conltiption is considered technically feasible for
Leland Olds Station Unit 2 boiler, incurs a sigeafint annual (levelized) incremental cost compared
to the next highest feasible N@ontrol technique, SNCR with ASOFA (Point C, slégem C to D
=6,650 $/ton) compared against the next lowestradteve, ASOFA (Point A, slope from Ato C =
2,100 $/ton)

The other elements of the fourth step of a BARTIyais following cost of compliance are to
evaluate the following impacts of feasible emisgiontrols:

+ The energy impacts.

+ The non-air quality environmental impacts.

+ The remaining useful life of the source.

For the purposes of this BART analysis, the renmginiseful life of the source was assumed to
exceed the 20-year project life utilized in thetdoypact estimates. The other impacts for the LOS
Unit 2 NOx emissions control alternatives from the Dominaoahttol Cost Curve are discussed in
Section 2.5.2 and Section 2.5.3. Visibility immaént impacts for these LOS Unit 2 N®missions

controls are summarized in Section 2.5.4.

(The following article is a replacement of the same section in the August 2006 BEPC BART
Determination Study final draft report)

2.4.6 ENERGY IMPACTS OF NOx CONTROL ALTERNATIVES — LOS UNIT 2

Operation of the top N©control technologies considered feasible for pidéapplication at the
Leland Olds Station impose direct impacts on thesamption of energy required for the production
of electrical power at the facility. The detailsestimated energy usage and costs for the various

LOS Unit 2 NG control alternatives are summarized in Appendix A.

Control alternatives for reduction of N@missions were reviewed to determine if the usb®f
technigue or technology will result in any signéit or unusual energy penalties or benefits. There

are several basic kinds of energy impacts fo @issions controls:
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+ Potential increase or decrease in power plant grangsumption resulting from a change in
thermal (heat) energy to net electrical output epsion efficiency of the unit, usually
expressed as an hourly unit heat rate (Btu/kW-hthe inverse of pounds of pollutant per
unit electrical power output (MW-hr). This mayrmeay not change the net electrical output
(MW) capacity of the EGU, depending on if there pingsical or imposed limits on the total
heat input to the boiler or electrical power output

+ Potential increase or decrease in net electridpiubwf the unit, resulting from changes in
physical operational limitations imposed on thdighio sustain a fuel heat input rate
(mmBtu/hr) which results in a potentially lowerlagher unit net electrical output (MW)
capacity. This is effectively a change in net &leal output (MW) capacity of the EGU.

+ Potential increase or decrease in net electridpiudwf the unit, resulting from changes in
auxiliary electrical power demand and usage (kW;H\8). This is effectively a change in
net electrical output (MW) capacity of the EGU.

+ Potential increase or decrease in reliability availability to generate electrical power. This
results in a change to the number of hours of drop&ration, not necessarily a change in net

electrical output (MW) capacity of the EGU.

(The following article is a replacement of the same section in the August 2006 BEPC BART
Determination Study final draft report)

2521 ENERGY IMPACTS OF SOFA ALTERNATIVES —LOS U NIT 1
There should not be a major impact on energy copsamby the operation of the advanced

variation of a separated overfire air system. ABQs the only NQ control technology common
to all four alternatives evaluated for LOS Unit 20FA does not significantly change the total
amount of air introduced into the boiler, only theation where it is introduced. Combustion air
damper actuators’ electrical power demand woulthbsignificant (+ 1 kW) change in net electrical
power consumption from LOS Unit 2. For cyclonelé, providing effective volumes and
velocities of separated overfire air at the in@atports should not require higher forced draft fan
power consumption resulting from higher fan disgegpressure. Higher lignite drying system vent
ductwork pressure drop impacts of the advanced S§)sfem on the forced draft fans’ auxiliary
electrical power consumption are expected to béigiblg (less than 1% of the annual auxiliary
power consumed by these fans) so that unit netriglgicoutput (MW) capacity is essentially the

same as the current nameplate rating.
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Operation of a SOFA system may cause a small ineralevels of unburned carbon in the flyash
emitted from the boiler compared with current ogiera This represents a slight amount of lost
potential electrical power generation from the impdetely burned fuel, so this inefficiency could
have a small negative impact (much less than 1%hemplant unit heat rate (higher Btu/kw-hr). This
impact was not quantified, as the historical vasiain coal heat content that influences plant unit

heat rate may be more significant.

Boiler furnace exit gas temperature and superhsttéam / reheater steam outlet temperatures may
be slightly elevated during air-staged cyclone apen with SOFA. This impact on the boiler’s
operation is typically small, and within the desiapabilities of the boiler from a heat transfed an
mechanical stress standpoint. This small negatipact (much less than 1%) on the plant unit heat
rate (higher Btu/kW-hr) was not quantified, as tirgtorical variation in coal heat content that

influences plant unit heat rate is expected to mawee significant impacts.

SOFA is not expected to significantly reduce ueliability and availability to generate electrical
power, once the amount of secondary combustiotinaircan be withdrawn from the cyclones is
established for consistent combustion and contiawstag tapping under substoichiometric air/fuel
operating conditions for LOS Unit 2. There maysbene changes in the degradation rate of the
boiler's furnace waterwall tubes resulting from egpre of more area of the furnace walls to slightly
air-starved conditions during SOFA operation. Soeghditions can promote corrosion from sulfur
compounds in the furnace gases being created abewwyclones and below the SOFA injection
ports. Due to the relatively moderate amountsutitis content in the lignite, modest amount of air-
staging of the existing cyclones during SOFA operatand the potential use of recirculated flue gas
along the lower furnace walls, the expected chamgerrosion rate of the boiler tubes should be
minor. This degradation is expected to occur ovany years of operation, and normally requires
periodic replacement of the deteriorated sectidimier furnace waterwall tubes to avoid forced
outages to repair tube leaks or failed sectiortse Jotential change in the frequency of furnace wal

tube failures and changeouts is difficult to estenmand has not been quantified.
(The following article is a replacement of the same section in the August 2006 BEPC BART
Determination Study final draft report)

25.2.2 ENERGY IMPACTS OF SNCR ALTERNATIVES — LOS U NIT 2
The SNCR portion of this layered alternative inas\a chemical reagent injected for Néantrol,

assumed to be aqueous urea. For SNCR-relatgdc@rol alternatives (with or without Rich
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Reagent Injection), the injection of a diluted usetution requires some additional auxiliary power

for heating and pumping the liquid, and using caesped air for atomization and cooling the reagent
injection nozzles/lances. Heat is required foaueagent storage. For the Advanced SOFA + SNCR
with and without RRI alternatives, the source adtie assumed to be auxiliary electrical power, on
the order of 150 to 300 kW, which was calculatdtbing EPA OAQPS conventidn Based on
operation for the entire year with the assumed @9&tlability factor, this would consume

approximately 310,000 kW-hr/yr of additional auaily electrical power.

Advanced SOFA + SNCR with and without RRI altermedi operation is not expected to require
higher forced draft fan power consumption. Comioushir damper actuators’ electrical power
demands are expected to be an insignificant (+ 1 &venge in net electrical power consumption
from LOS Unit 2.

Additional coal consumption for those alternatitlest involve a chemical reagent injected for NOx
control to compensate for the heat of vaporizatibthe reagent dilution water; this follows EPA
OAQPS conventioh but is not accepted practice by an experience@fSMendor (Fuel Tech) who
claims that the heat produced from the exothergaction of urea and NQs approximately equal to
the heat required to evaporate the dilution wakgagent dilution water for those SNCR alternatives
that involve a chemical reagent injected for NOrtcol were assumed to be four times the amount of
delivered aqueous urea solution consumption (assuimea is a 50% solution as delivered and is
injected as a 10% solution); this also follows EBAQPS conventioh This was estimated to be
approximately 23.7 million Btu per hour for Advadc8OFA + SNCR, or 204,800 mmBtu/yr and
approximately 45.0 million Btu per hour for Advadc8OFA + SNCR with RRI, or 389,500
mmBtu/yr for LOS Unit 2.

Likewise, operation of a Advanced SOFA + SNCR veittd without RRI alternatives may cause a
small increase in levels of unburned carbon infljreesh emitted from the boiler compared with
current operation. This represents a slight amotifdst potential electrical power generation from
the incompletely burned fuel, so this inefficiermmuld have a small negative impact (much less than
1%) on the plant unit heat rate (higher Btu/kW-hFhis impact was not quantified, as the historical
variation in coal heat content that influences planit heat rate is expected to have more significa

impacts.

* See Basin LOS BART Determination Study reporty\&2ction Reference number 49, page 1-34.
® See Basin LOS BART Determination Study reporty\&&ction Reference number 49, page 1-35.
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As discussed above, SNCR operation will causegatstiecrease (approximately 0.5-0.9%) on the
plant unit heat rate (higher Btu/kW-hr), primarityhigher flue gas moisture with corresponding
sensible and latent heat losses which would regusleghtly higher gross heat input to evaporage th
extra dilution water input. This ignores the stigicrease in induced draft fan horsepower and
auxiliary electrical power consumption to handle éxtra coal combustion products, urea and
dilution water flows that will result in increaséide gas mass flow during SNCR/RRI operation. The
impact of additional flue gas created by operatban SNCR-related system on induced draft fan

power consumption should be insignificant.

Boiler furnace exit gas temperature and superhsttéam / reheater steam outlet temperatures is not
expected to change significantly, as a slight iaseeduring air-staged burner operation with SOFA
may be offset by a slight depression from the iigecof the urea dilution water. This impact oe th
boiler's operation is typically small, and withimet design capabilities of the boiler from a heat
transfer and mechanical stress standpoint. Thpadton the LOS Unit 2 boiler’s thermal conversion
efficiency and steam cycle impacts from small stéamperature changes was not quantified, but is

not expected to be significant.

ASOFA and SNCR/RRI are not expected to signifigareduce unit reliability and availability to
generate electrical power. There may be some @singhe degradation rate of the boiler’s furnace
waterwall tubes resulting from exposure of moreaarkthe furnace walls to slightly air-starved
conditions during SOFA operation. Such conditioas promote corrosion of the steel waterwall
tubes by sulfur compounds in the furnace gaseglmeated above the burners and below the SOFA
injection ports. Due to the moderate sulfur cohierthe lignite and modest amount of air-staging
during firing of the existing cyclone burners exigecduring ASOFA operation, this potential change
in corrosion rate of the boiler tubes is expectede minor. SNCR/RRI may cause a slight increase
in fireside deposit accumulation, especially in phienary and possibly secondary superheater and
reheater tube banks. This degradation is exp&ctedcur over many years of operation, and
normally requires periodic replacement of the detated sections of boiler furnace waterwall tubes
and superheater/reheater tube banks to avoid fawtades to repair tube leaks or failed sections.
The potential change in the frequency of furnack twbe and superheater/reheater tube failures and

changeouts is difficult to estimate, and has nenbguantified.
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Table 2.5-9 summarizes the gross demand and usagefixiliary electrical power estimated for the
NOx control alternatives evaluated for LOS Unit 2.

TABLE 2.5-9 — Expected Auxiliary Electrical Power |  mpacts
for NO x Controls —LOS Unit 2

NOy Control Equipment
Estimated Annual Average Auxiliary Electrical Power
Demand and Usage
Aux. Power Generation Reduction from Generation Reduction from
Alt. | NOy Control | Demand® Aux. Power Demand®® Reduced Unit Availability®
No.® | Technique (kW) (KW -hrs/yr) (KW -hrs/yr)
D RRI + SNCR
(using urea)
W/ ASOFA 285 2,464,300 38,500,000
C SNCR (using
urea) w/
ASOEA 156 1,349,600 38,500,000
Advanced
A Separated 1 8,760 0
Overfire Air
(ASOFA)

(1) — Alternative designation has been assigned from Highésvest unit NQ emission rate.

(2) — The NQ control equipment gross auxiliary electrical power demandinated.

(3) — The annual change in N@quipment auxiliary electrical power demand electricity usad®\-hrs/yr for
these alternatives is the net power demand multiplied by timea¢stl annual operating time and running
plant capacity factor which reflects the adjustment for angebeg reliability and capacity impacts from
the implementation of the control technique. A negatidecgon in generation is an increase in annual
new electrical power available for sale.

(4) — The estimated total hours per year of unit unavbfiatmultiplied by average gross generation multiplied
by annual running plant capacity factor for the particulatrod alternative. For this analysis, SOFA was
not expected to reduce annual hours of possible operation.

(The following article is a replacement of the same section in the August 2006 BEPC BART
Determination Study final draft report)

254 VISIBLITY IMPAIRMENT IMPACTS OF LELAND OLDS S TATION NOx
CONTROLS — UNIT 2

The fifth step in a BART analysis is to conductisihility improvement determination for the source.
For this BART analysis, there were two baselings@ission rates assumed for LOS Unit 2 — one
for the historic pre-control NQemission rate listed in the NDDH BART prototaind one applying
the Potential-To-Emit (PTE) pre-control annual Nénission rate associated with the future PTE
case. The historic pre-control emission baselias thie 24-hour average N®mission rate from the
highest emitting day of the years 2000-2002 (metlegical period modeled per the NDDH
protocof). The historic (protocol) NQbaseline condition emission rate was modeled samabusly

with the highest 24-hour average S¢nission rate, and the highest 24-hour averageiidsion
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rate of the 2000-2002 time period. The historio{pcol) baseline hourly Nemission rate used for

modeling visibility impacts due to LOS Unit 2 undbe conditions stated above was 3,959 Ib/hr.

Visibility impairment impact modeling was performading the CALPUFF model with the
difference between the impacts from historic (pcotppre-control baseline and post-control average
hourly emission rates representing the visibilitypairment impact reduction for LOS Unit 2. Three
post-control CALPUFF model runs for LOS Unit 2 wemnducted with the same presumptive
BART SO, emission baseline rate of 95%, constant PM entissiand various levels of N@ontrol
assuming the same boiler design rating for heatti(130 mmBtu/hr). For the three post-control
alternatives representing LOS Unit 2 PTE annuabsions associated with the future PTE case, the
model used average unit N@mission rates of 0.48, 0.304, and 0.265 Ib/mn{Bouresponding to

the design parameter in Table 1.2-1 and contrebrat Table 1.4-1) multiplied by the boiler heat
input rating of 5,230 mmBtu/hr to yield average HpINOx emission rates 2,462, 1,560, and 1,360
Ib/hr. The boiler heat input basis for LOS Unis Bistoric highest 24-hour pre-control N@&mission
baseline, in keeping with the NDDH BART visibiliigmnpairment impact modeling protocol, is
different than assumed for the PTE annual postrobobnditions of the NQcontrol alternatives

evaluated for visibility impairment impacts.

The results of the visibility impairment modelingtle historic pre-control (protocol) baseline NO
emission rate for LOS Unit 2 showed that all fotithe designated Class 1 areas exceeded 0.5
deciView for highest predicted visibility impairmeimpact (9 percentile, averaged for 2000-
2002). Lostwood National Wildlife Refuge (LNWR)ahlied the biggest predicted visibility
impairment impact, which averaged 0.98 dV for thre¢ years modeled (2000-2002). Average
predicted visibility impairment impacts decreasgmsicantly with presumptive BART SO

emission rate combined with constant PM emissiosvarious post-control ASOFA-enhanced ;NO
emission rates for LOS Unit 2. This is shown iblEa2.5-10.
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TABLE 2.5-10 — Average Visibility Impairment Impact

from Emission Controls — LOS Unit 2

S

Visibility Impairment Impacts ®
(deciView)
Historic PTE Emissions,
Pre-Control | PTE Emissions, PTE Emissions, RRI+SNCR w/
Federal Class 1 Area | Baseline ASOFA® SNCR w/ ASOFA®? ASOFA®
TRNP-South Unit 0.807 0.221 0.158 0.143
TRNP-North Unit 0.756 0.180 0.139 0.129
TRNP-Elkhorn Ranch 0.535 0.120 0.093 0.087
Lostwood NWR 0.979 0.285 0.206 0.191

(1) - Average 990 percentile predicted visibility impairment impact versuskigaound visibility. A summary of
the modeling scenarios is provided in Table 1.4-1 andhideling results are presented in Appendix D.

(2) - SQ emissions reduction by 95% over pre-control PTE hgaittibaseline for the future PTE case. This
case assumes existing ESP for PM collection.

Analysis of the reduction in visibility impairmeimpact included a comparison of the emission
controls’ effectiveness of reducing predicted vilgibimpairment impacts for the conditions of the
future PTE case operation of LOS Unit 2 versushis®ric pre-control (protocol) baseline that was
modeled. LNWR again showed the highest averaggiqiesl visibility impairment impact reduction
resulting from LOS Unit 2 emissions controls durfigE (future PTE case) heat inputs versus

historic pre-control baseline emissions. Thesepzaomons are shown in Table 2.5-11.

TABLE 2.5-11 —Average Visibility Impairment Impact  Reductions
From Emission Controls — LOS Unit 2
(vs Historic Maximum 24-Hour Average Hourly Emissio n Baseline)

Visibility Impairment Reductions ™

(deciView)
PTE Emissions, PTE Emissions, PTE Emissions,
Federal Class 1 Area ASOFA® SNCR w/ ASOFA? | RRI+SNCR w/ ASOFA®
TRNP-South Unit 0.586 0.649 0.664
TRNP-North Unit 0.577 0.617 0.628
TRNP-Elkhorn Ranch 0.415 0.441 0.447
Lostwood NWR 0.694 0.773 0.788

(1) - Difference of average 9@ercentile predicted post-control visibility impairmenpamst versus
historic pre-control (protocol) baseline visibility pjrirment impact. A summary of the
modeling scenarios is provided in Table 1.4-1 and the nmgdedsults are presented in
Appendix D.

(2) - SQ emissions reduction by 95% over pre-control PTE hgattibaseline for the future PTE
case. This case assumes existing ESP for PM collection.
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The comparison in Table 2.5-12 shows the reduaif@verage visibility impairment impact from
LOS Unit 2 NQ emissions expected to result from ASOFA combinatl ®NCR with and without
RRI relative to the average visibility impairmentgact from post-control ASOFA NCemission
rates applied to LOS Unit 2.

TABLE 2.5-12 — Incremental Average Visibility Impai  rment Reductions
from NO x Controls — LOS Unit 2
(vs ASOFA Post-Control PTE Emission Visibility Impa  irment Impact)

Incremental Visibility Impairment Impact Reductions,
from NOy Emission Controls?
PTE Emissions, PTE Emissions,
Federal Cl 1A SNCR w/ ASOFA RRI+SNCR w/ ASOFA
ederal Class rea (dV) (dV)

TRNP-South Unit 0.063 0.078
TRNP-North Unit 0.040 0.051
TRNP-Elkhorn Ranch 0.027 0.033
Lostwood NWR 0.079 0.094

(1) - Incremental average "9percentile predicted post-control visibility impairmenpit,
compared to ASOFA for NQcontrol with 95% S@emissions control and existing ESP
for PM emissions control at PTE heat input rate (futdrgé Pase). A summary of the
modeling scenarios is provided in Table 1.4-1 and the nmadedsults are presented in
Appendix D.

This analysis included a determination of the ajetiveness of reducing predicted visibility
impairment impact for a particular N@mission rate associated with the control altéreat

evaluated on LOS Unit 2. The basis of comparisan the average predicted visibility impairment
impact and estimated levelized total annual co$&\C) for the advanced form of separated overfire
air (ASOFA) alone under the future PTE case coowléti The estimated additional annualized costs
of installing and operating each N©ontrol alternative with PTE heat input (futureBPdase)

relative to the LTAC from post-control ASOFA N@mission rates applied to LOS Unit 2 are shown
in Table 2.5-13.
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TABLE 2.5-13 — LTAC for NO x Controls — LOS Unit 2
(vs ASOFA Post-Control PTE Emission LTAC)

Incremental LTAC Change
for NOyx Emission Reductior”

PTE Emissions, PTE Emissions,
SNCR w/ ASOFA RRI+SNCR w/ ASOFA
($lyr) ($1yr)
8,460,000 13,230,000

(1) - Incremental Levelized Total Annual Cost for Nédntrol alternatives
compared to ASOFA for PTE heat input rate (future PTE caskérost
figures in 2005 dollars. See Table 2.5-8 for details.

The comparison in Table 2.5-14 shows that the mohdit annualized costs of installing and operating
each NQ control alternative with PTE heat input (futureBP@ase) divided by the additional average
predicted visibility impairment impact reductionatve to the post-control ASOFA NGemission

rates and LTAC applied to LOS Unit 2 would resalhundreds of millions of dollars per deciview of

control cost visibility impairment impact effectivess.

TABLE 2.5-14 — Cost Effectiveness for Incremental A verage Visibility
Impairment Reductions from NO x Controls — LOS Unit 2
(vs ASOFA Post-Control PTE Emission LTAC and Visibi  lity Impacts)

Incremental Visibility Impairment Reduction Unit Cost,
from NOy Emission Controlg?

PTE Emissions, PTE Emissions,
SNCR w/ ASOFA RRI+SNCR w/ ASOFA
Federal Class 1 Area ($/deciView-yr) ($/deciView-yr)
TRNP-South Unit 135,000,000 183,000,000
TRNP-North Unit 210,000,000 279,000,000
TRNP-Elkhorn Ranch 317,000,000 436,000,000
Lostwood NWR 108,000,000 152,000,000

(1) - Incremental Levelized Total Annual Cost divided lyrémental average 9®ercentile
predicted post-control visibility impairment impact, compaiedSOFA for NG control
with 95% SQ emissions control and existing ESP for PM emissimontrol at PTE heat
input rate (future PTE case). All cost figures in 200badis.

The number of days predicted to have visibility @rment due to LOS Unit 2 emissions that were
greater than 0.50 and 1.00 deciViews at any recapi Class 1 area were determined by the
visibility model for the historic pre-control (patol) NC, SQ, and PM emission rates described
previously in this Section. The results were sumimed and presented in Table 2.4-15. Similarly,
the same information for the post-control,SDd PM alternatives with presumptive BART NBTE

emission rates was summarized and is shown in ablé6. The differences in average visibility
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impairment impact and number of days predictedateehvisibility impairment greater than 0.50 and
1.00 deciViews at any receptor in a Class 1 areadmn post-control SCand PM alternatives with
SNCR with ASOFA-controlled and RRI+ SNCR with ASOfAntrolled NQ emission rates versus

ASOFA-controlled NQ emission rates are summarized and shown in Tablé®

The magnitude of predicted visibility impairmendamumber of days predicted to have visibility
impairment greater than 0.50 and 1.00 deciVievengtreceptor in a Class 1 area varied significantly
between years and Class 1 area. The highest nwwhiays in which the predicted visibility
impairment impact above background exceeded 0.%i@wes was for the pre-control (protocol)
emission case in year 2002 for TRNP’s South UAiseries of bar charts showing the number of
days with predicted visibility impairment impactegter than 0.50 and 1.00 deciViews for each Class
1 area for the pre-control model results is inctugleSection 3.5. The pair of post-cont8D, and

PM alternatives combined with SNCR with ASOFA orIRE&NCR with ASOFA for NQ control

were only slightly lower for the predicted visilbylimpairment impacts and number of days predicted
to have visibility impairment impacts greater tftaB0 and 1.00 deciViews compared to the same pair
of post-controlSO, and PM conditions with ASOFA-controlled N@mission rates. A series of bar
charts showing the difference in the number of daiyis predicted visibility impairment impact
greater than 0.50 and 1.00 deciViews for each Qlaaea for the RRI+SNCR with ASOFA-
controlled PTE emission rates and SNCR with ASOBAtwlled PTE emission rates compared to
ASOFA NO PTE emission rates with post-cont&D, and PM alternatives is included in Figures
2.5-5, 2.5-6, and 2.5-7.

(The following article is a replacement of the same section in the August 2006 BEPC BART
Determination Study final draft report)

255 SUMMARY OF IMPACTS OF LELAND OLDS STATION NO x
CONTROLS — UNIT 2

Table 2.5-16 summarizes the various quantifiablesiots discussed in Sections 2.5.1 through 2.5.4

for the NQ control alternatives evaluated for LOS Unit 2.
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Table 2.5-15 — Visibility Impairment Improvements —

Post Control vs ASOFA NO x Control with SO , and PM Controls

LOS Unit 2
AConsecutive| AConsecutive| AConsecutive
Visibility ADays® | ADays® | ADays® | ADays® | ADays® | ADays® Days® Days® Days®
NOy Control Impairment | Exceeding| Exceeding| Exceeding| Exceeding| Exceeding| Exceeding] Exceeding Exceeding Exceeding
Class 1 Technique Reduction®® | 0.5dvin | 05dvin | 0.5dVin | 1.0dVin | 1.0dVin | 1.0dVin 0.5dV 0.5dV 0.5dV
Area w/ SO, Control Level® (AdV) 2000 2001 2002 2000 2001 2002 2000 2001 2002
;F;Et'; RRI+SNCR w/ ASOFA 0.078 4 8 9 2 2 8 0 1 0
SNCR w/ ASOFA 0.063 3 7 6 2 2 7 0 1 0
-llllF(z)lr\’:E RRI+SNCR w/ ASOFA 0.051 6 8 4 2 2 8 0 0 0
SNCR w/ ASOFA 0.040 4 6 4 2 2 6 0 0 0
TRNP RRI+SNCR w/ ASOFA 0.033 2 3 3 0 1 2 0 1 0
Elkhorn
SNCR w/ ASOFA 0.027 2 2 3 0 1 2 0 1 0
LOI\TSVNSOd RRI+SNCR w/ ASOFA 0.094 12 10 6 5 7 2 0 0 1
SNCR w/ ASOFA 0.079 9 6 6 5 5 2 0 0 1

summary of the modeling scenarios is provided iblg4.4-1 and the modeling results are presentégpendix D.

controlled NQ emission level with same PTE heat input, ®@d PM post-control alternatives’ emission rateuffe PTE case).
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(3) - Difference in number of days is {Dfercentile level for predicted visibility impairmeimpacts provided in Appendix D1.
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(1) - SQ emissions reduction by 95% over pre-control PT& hgut baseline for the future PTE case. Thie@ssumes existing ESP for PM collection. A

(2) - Difference in average predicted visibilitgpairment impacts (J0percentile) for 2000-2002 for alternatives’ posttrol NO; emission levels versus ASOFA-




Figure 2.5-5 — Days of Visibility Impairment Reduct
NOx Controls versus ASOFA with SO

LOS Unit 2
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Figure 2.5-6 — Days of Visibility Impairment Reduct
NOx Controls versus ASOFA with SO

LOS Unit 2
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Figure 2.5-7 —Visibility Impairment Reductions — Co  nsecutive Days Above 0.5dV
NOx Controls versus ASOFA with SO , and PM Controls
LOS Unit 2
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Table 2.5-16 — Impacts Summary for LOS Unit 2 NO
(vs Pre-Control PTE NO x Emissions)

x Controls

Visibility Impairment Incremental
Annual Levelized Impact Reduction Visibility
NOx Control NOx NOx Total Unit Impairment
Technique Control Emissions Annual Control Reduction Energy Non Air
w/ SO, Efficiency | Reduction Cost? Cost Class 1 | Incremental® | Unit Cost?® Impact Quiality
Alternative (%) (tpy) ($) ($/ton) Area AdV ($/dV-yr) (kW) Impacts
TRNP-S 0.078 183,000,000 Flyash
RRI+SNCR 0 TRNP-N 0.051 279,000,000 uggfggr?d
w/ ASOFA 60.3% 9,094 13,230,009 1,680 TRNP-EIk 0.033 436,000,000 284 increase,
ammonia in
LNWR 0.094 152,000,000 flyash
TRNP-S 0.063 135,000,000 Flyash
SNCR w/ . TRNP-N 0.040 210,000,000 uggfggﬁ ‘
ASOEA 54.5% 8,226 8,460,000 1,160 |r=ro e S0 217.000.000 155 ncrease.
ammonia in
LNWR 0.079 108,000,000 flyash
TRNP-S base base
Flyash
TRNP-N base base
ASOFA o unburned
28% 4,193 1,060,000 254 TRNP-EIk base base ! carbon
LNWR base base Increase

(1) - All cost figures in 2005 dollars.

(2) - Average predicted visibility impairment iengt improvements (incremental,"®percentile) from PTE post-control N@mission levels relative to
ASOFA post-control N@ emission levels; all cases have 95% control &Bission level and same PM post-control level BB® mmBtu/hr heat input
and 8,760 hours per year operation for the futlie €ase, for 2000-2002.

(3) - Incremental LTAC for RRI+SNCR w/ ASOFA =3230k/yr; SNCR w/ ASOFA = $8,460k/yr; vs ASOFA ekdyr (base), divided by incrementadiV.

See Table 2.5-14 for details.
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NOx SECTION REFERENCES:
(seepages 127 -131 in the August 2006 BEPC BART Determination Study final draft report)
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